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INTRODUCTORY. 


The  present  volume  is  the  twenty-ninth  in  the  series  of  annual 
reports  issued  by  the  Department  of  Geology  of  the  Slate  of 
Indiana,  and  the  tenth  issued  under  the  auspices  of  the  writer. 
During  the  last  decade  the  value  of  the  natural  resources  pro- 
duced in  the  State  has  gradually  and  steadily  increased.  While 
not  including  among  their  number  any  of  the  precious  or  even 
useful  metals,  they  are,  nevertheless,  as  varied  in  character  and 
as  valuable  as  those  possessed  by  any  State  in  the  Union. 

The  following  table  will  make  plainer  than  any  words  the  great 
increase  in  value  of  the  six  leading  resources  of  the  State,  during 
the  ten  years — 1895  to  1904,  inclusive — in  which  the  writer  has 
had  the  honor  of  being  Director  of  the  Department  of  Geology 
and  Natural  Resources : 


1893. 


1904. 


Output. 


Coal 

Petroleum 


Natural  gat 

BnUdiug  stone  . . . 

Clay  products 

Portland  cement. 


Totals.. 


4,312,084 

tons. 
4,386432 
barrels. 


Value. 


13,928,996 

2,807,m 

5,203,200 
1,718,976 
3,117,520 


116,770,816 


Output. 


9,872^04 

tons. 
11,331,340 
barrels. 


1,354,906 
barrels. 


Value. 


$10,360,024 

12,176,880 

3,027,106 
3,031,925 
6,065.424 
1341396 


836,028,755 


The  increase  in  value  of  the  six  resources  for  the  ten  years  was 
$19,267,939,  or  115  per  cent.  When  to  the  value  of  those  men- 
tioned there  be  added  that  of  the  hydraulic  cement,  lime,  whet- 
stones and  grindstones,  sand  and  lime  brick,  artificial  stone, 
molding  and  glass  sands,  and  other  minor  natural  resources,  the 
total  will  easily  foot  up  forty  or  more  millions  of  dollars.  In  a 
State  which,  a  quarter  of  a  century  ago,  was  noted  mainly  for 
her  crops  of  com  and  wheat,  her  droves  of  fine  cattle  and  hogs, 
her  bluegrass  pastures  and  her  native  -timber  lands,  these  figures 
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show  a  development  of  natural  resources  which  is  little  short  of 
marvelous. 

The  greater  part  of  the  present  report  is  devoted  to  the  "Clays 
and  Clay  Industries  of  Indiana."  A  dozen  years  ago  the  term 
"shale"  was  unknown  among  the  natural  resources  of  the  State. 
Those  great  beds  of  soft,  blue-gray,  thin-layered  rock,  which  occur 
over  vast  areas  in  the  coal-bearing  counties,  were  looked  upon 
as  a  wholly  valueless  nuisance,  which  had  to  be  removed  or  tun- 
neled through  before  the  underlying  veins  of  coal  could  be 
reached.  Today  the  smoke  is  pouring  forth  from  hundreds  of 
kilns  where  these  shales  are  being  burned  into  sewer  pipe,  hollow 
block,  conduits,  paving  brick,  pressed  front  and  ordinary  brick, 
drain  tile,  etc. 

Not  only  have  the  Carboniferous  shales  been  proven  in  the 
highest  degree  suitable  for  the  best  of  such  wares,  but  the  Knob- 
stone  shales,  which  were  accounted  even  more  valueless  than  those 
of  the  Carboniferous  Age,  are  in  several  places  now  being  utilized 
for  vitrified,  pressed  front  and  ordinary  brick,  and,  in  two  of  the 
largest  factories  of  the  State,  as  the  clay  ingredient  of  Portland 
cement.  These  Knobstone  shales  lie  on  or  close  to  the  surface 
over  an  area  three  to  thirty-eight  miles  in  width,  extending  in  a 
southeasterly  direction  from  Jasper  County  to  the  Ohio  River. 
The  factories  now  utilizing  them  are  but  the  pioneers  or  fore- 
runners of  many  yet  to  be ;  for  these  hitherto  ignored  Knob  shales 
possess  almost  unlimited  possibilities  of  service  for  practical  use. 

In  the  first  part  of  the  paper  here  presented,  the  location, 
thickness  and  area  of  the  more  available  and  valuable  clay  de- 
posits of  the  State  &re  given  in  detail  and  their  possible  use  or  fit- 
ness for  certain  wares  indicated.  In  the  second  part  a  brief 
description  is  given  of  the  methods  of  manufactulfe  of  the  more 
important  classes  of  clay  products  now  made  in  the  State,  fol- 
lowed by  a  short  mention  of  the  larger  factories  making  such 
products.  Full  tables  of  statistics  have  also  been  compiled  which 
show  the  relative  importance  of  the  different  classes  of  clay  prod- 
ucts manufactured.  From  these  tables  the  following  general 
table  has  been  condensed,  which  gives  the  more  important  figures 
relating  to  the  seven  great  general  groups  of  clay  wares  produced 
in  TndiPTia. 
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SuuistieB  of  the  Qay  Indtatry  in  Indiana  for  the  Year  1904. 


Capital 
InYeBte4« 


Value  of 
Output. 


No.  of 
Hands 
Em- 
ployed. 


Ordinary  brick  and  drain  tile  industry 

PaTing  brick  industry 

Dry  pressed  brick  industry 

Refractory  clay  industries , 

Sewer  pipe  and  hollowware  industries. 

Pottery  and  allied  industries 

Encaustic  tile  and  terra  cotta  industry 

ToUls 


t2,923,653 

•2,748,733 

504,000 

545,721 

546,000 

240,670 

306,750 

271,760 

l,028iH)0 

969,760 

811.000 

833,780 

400,(00 

485,000 

16^19,403 

$6,085,424 

4J71 

222 
228 
917 
784 
687 

T,37r 


The  second  paper  in  the  volume  is  the  report  of  the  State  Mine 
Inspector  James  Epperson,  of  lanton,  for  the  year  1904.  Mr. 
Epperson  and  his  two  deputies  have  given  careful  attention  to  the 
duties  which  they  are  empowered  to  perform,  and  have  tried  to 
enforce  impartially  all  laws  relating  to  the  mining  industry.  In 
his  report  the  statistics  of  the  Coal  Industry  for  the  year  are 
given,  the  tables  being  very  full  and  complete  in  detail. 

The  law  gives  the  State  Inspector  power  to  examine  only  those 
mines  which  work  ten  or  more  men.  It  is  my  opinion  that  the 
law  should  be  so  changed  as  to  require  the  examination,  at  least 
once  each  year,  of  every  mine  operating  in  the  State,  regardless 
of  the  number  of  men  employed.  Many  mines  employ  from  six 
to  eight  men,  and  the  aggregate  amounts  to  a  large  number.  The 
life  of  any  one  of  these  men  is  as  valuable  as  that  of  a  man  work- 
ing in  a  larger  mine,  yet  under  the  present  law  they  receive  no 
protection  whatever.  The  air  where  they  work  is  often  extremely 
foul,  man-shafts  are  more  often  lacking  than  present,  and  too 
little  attention  is  given  to  the  condition  of  the  roof.  Some  of 
these  abuses  could  at  least  be  ameliorated  by  the  occasional  visit 
of  an  Inspector  invested  with  power  to  better  the  conditions 
where  possible. 

From  the  report  of  Mr.  Epperson  the  following  table,  showing 
the  relative  rank  of  the  fourteen  coal  producing  counties  of  the 
State,  with  the  output  of  each  in  tons,  has  been  prepared : 
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Tom  of  Coal  Produced  and  Wagea  Paid  to  Miners  in  Indiana  in  1904, 

by  Counties. 

County,  Tom  Produced.         Waget  Paid, 

Greene 2,307,964  $1,984,305 

Vigo    1,719,021  1,491,498 

SuUlvan    1,589,974  1.437,747 

Vermillion   1.131,750  931,049 

Clay    532,736  1,144,986 

Parke   502,612  993,317 

Pike    349,133  298.108 

Warrick    ; 341,900  212,419 

Vanderburgh    237,625  234,911 

^      Knox    150,567  132,133 

Daviess    133,270  146,498 

Gibson    85,595  90,082 

Fountain    55,910  60,392 

Perry    7,275  7,959 

Total    9,872,404  $9,165,404 

Of  the  coal  produced,  727,072  tons  were  block  coal  and  the 
remainder  bituminous.  The  total  production  for  the  year  fell  off 
slightly,  that  for  1903  having  been  9,992,553  tons.  The  loss  was 
due  to  over-production  in  1903,  when  a  large  number  of  new 
bituminous  mines  were  opened,  and  to  a  decrease  in  the  output 
of  block  coal,  a  number  of  mines  of  which  have  been  worked 
out.  This  coal  is  produced  only  in  Clay  and  Parke  counties,  the 
former  producing  387,307  tons,  and  Parke  County  the  remainder, 
or  339,765  tons.  The  output  of  block  coal  in  the  two  counties  in 
1903  was,  respectively,  586,381  and  439,559  tons. 

The  report  of  the  State  Gas  Supervisor,  B.  A.  Kinney,  of 
Marion,  follows  that  of  the  Mine  Inspector.  On  account  of  the 
numerous  bores  put  down  in  gas  territory  in  search  of  oil,  Mr. 
Kinney  and  his  assistant  were  kept  busy  in  enforcing  the  law 
against  the  waste  of  gas,  and  the  number  of  prosecutions  against 
oil  operators  was  greater  than  in  1903.  His  report  shows  that 
new  wells  of  small  capacity  which,  five  years  ago  would  have  been 
considered  worthless  and  been  plugged,  are  now  regarded  as  good, 
and  every  precaution  is  taken  to  preserve  and  prolong  their  life. 
The  most  of  the  bores  sunk  for  gas  had  an  output  of  less  than 
500,000  cubic  feet  daily,  whereas  a  well  producing  less  than 
5,000,000  cubic  feet  was  formerly  regarded  as  of  small  size.  The 
only  new  gas  territory  opened  up  in  the  main  field  during  the 
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year  was  a  small  area  in  Grant  County.  Several  wells  sunk  for 
oil  in  the  vicinity  of  Princeton,  Gibson  County,  developed  a  flow 
of  gas  varying  from  400,000  to  800,000  cubic  feet.  The  gas 
comes  from  the  Huron  sandstone,  and  it  is  very  doubtful  whether 
the  supply  will  ever  show  much  of  an  increase. 

Almost  all  the  gas  produced  in  the  State  is  now  sold  by  meter 
measurement.  Under  this  system  the  producer  receives  about 
five  times  as  much  per  thousand  for  his  gas  as  under  the  old  flat 
rate  system  everywhere  in  vogue  during  the  palmy  days  from 
1887  to  1900.  As  a  consequence,  while  the  production  has  fallen 
off  very  greatly,  the  total  value  still  represents  a  considerable 
amount. 

Many  inquiries  having  been  received  at  this  office  relative  to 
the  plan  outlined  by  the  writer  for  the  "Utilization  of  Convict 
Labor  for  Making  Road  Material,^'  a  paper  has  been  prepared 
under  that  title,  which  embodies  briefly  the  chief  features  of  the 
plan.  This  paper,  together  with  the  copy  of  a  bill  bearing  on  the 
subject,  which  was  introduced  in  the  Sixty-third  (1903)  General 
Assembly,  are  submitted  as  a  part  of  this  report. 

The  production  of  petroleum  in  Indiana  still  continues  to 
increase,  t^e  output  for  1904  having  been  11,331,340  barrels, 
valued  at  $12,176,880.  Petroleum,  therefore,  easily  ranks  as 
the  leading  natural  resource  of  the  State.  The  finding  of  oil  in 
a  deeper  layer  of  the  Trenton  limestone  was  the  principal  feature 
of  the  industry  for  the  year.  This  discovery  alone  kept  up  the 
production  to  that  of  1903,  as  the  initial  output  of  new  wells  in 
the  older  portions  of  the  field  was  nearly  everywhere  less  than 
in  that  year.  The  price  gradually  fell  during  the  year  1904  from 
$1.31  to  95  cents,  whereas  the  year  before  it  had  gradually  risen. 
Several  thousand  new  bores  are  necessary  each  year  to  keep  the 
total  output  from  falling  off,  and  these  are  possible  only  when 
the  market  price  is  such  as  to  stimulate  the  producer  and  guar- 
antee him  a  fair  profit  on  his  capital  invested.  That  the  yearly 
output  depends  upon  the  price,  and  not  upon  the  capacity  of  the 
field,  is  shown  by  the  fact  that  the  years  1897  and  1898  were 
the  only  ones  sirice  the  striking  of  oil  in  the  State,  in  which  the 
production  fell  off,  and  during  those  years  the  price  was  low, 
ranging  only  between  forty  and  sixty  cents  per  barrel. 

Natural  gas  is  but  the  volatile  part  of  crude  petroleum  which, 
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during  ages  past  has  risen  into  the  higher  porous  portions  of  the 
Trenton  rock.  The  presence  of  such  a  vast  volume  of  gas  as 
was  extracted  from  the  Trenton  limestone  of  Indiana^  between 
the  years  1887  and  1900,  is  sufficient  to  denote  the  presencft  of 
an  enormous  body  of  the  heavier  petroleum  or  mother  liquid.  K 
the  price  is  maintained  at  a  fair  figure,  there  is  little  doubt,  there- 
fore, but  that  the  output  of  petroleum  will  hold  its  own,  if  not 
increase,  for  several  years.  It  must  ever  be  remembered,  how- 
ever, that  with  petroleum,  as  formerly  with  natural  gas,  we  are 
drawing  upon  a  stored  product  which  is  not  being  increased  a 
single  barrel,  and  that,  therefore,  the  end  of  the  supply  is  sure 
to  come.  In  a  paper  entitled  "The  Petroleum  Industry  in  Indi- 
ana in  1904"  will  be  found  the  principal  facts  and  statistics  re- 
lating to  the  industry  for  the  year. 

In  accordance  with  the  usual  custom,  the  report  is  ended  with  a 
paper  on  natural  history,  the  one  for  the  present  volume,  entitled 
^rinsect  Galls  of  Indiana,"  having  been  prepared  by  Dr.  Mel.  T. 
Cook,  for  a  number  of  years  Professor  of  Biology  in  DePauw 
University.  In  it  Professor  Cook  describes  and  illustrates  the 
more  important  excrescences  or  galls  which  occur  so  numerously 
upon  the  various  wild  and  cultivated  plants  of  the  State.  The 
paper  is,  therefore,  of  both  economic  and  scientific- value,  and  will 
doubtless  prove  of  interest  to  many  young  observers  in  the  State. 

In  addition  to  the  field  work^  the  results  of  which  have  been 
incorporated  in  the  reports  for  1903  and  1904,  much  progress  has 
been  made  during  the  summer  seasons  of  those  two  years  in 
gathering  data  for  a  report  on  the  "Road-making  Materials  of 
Indiana."  Prof.  J.  A.  Price  spent  one  season  and  Prof.  L.  C. 
Ward  two  in  this  work  and  the  results  have  been  put  in  form 
for  publication.  It  is  the  intention,  if  possible,  to  complete  the 
field  work  in  1905  and  to  make  the  paper  on  road  materials  the 
principal  feature  of  the  report  of  the  Department  for  that  year. 
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By  W.  S.  Bi^atohlet. 


Section  I.    CLAYS  IN  GENERAL. 

Introductory — Definition  of  Clay — Origin  of  Clays — Varie- 
ties OF  Clays — ^The  Physical  Properties  of  Clays — The 
Chemical  Properties  of  Clays — Uses  of  Clays. 

No  mineral  resource  of  the  earth  has  been  longer  used  or  has 
been  made  into  such  varied  products  for  the  benefit  of  the  human 
race  as  clay.  Found  in  all  countries,  easily  obtained  and,  when 
moistened,  readily  molded  into  any  shape  which  the  fancy  can 
invent,  it  is  no  wonder  that  prehistoric  man,  emerging  slowly 
from  that  animal  stage  in  which,  for  thousands  of  centuries  he 
had  existed,  made  early  use  of  it.  To  his  undeveloped  mind  no 
better  form  of  amusement  probably  presented  itself  than  that 
of  dabbling  in  mud  and  molding  it  into  fantastic  shapes;  just 
as,  on  the  borders  of  many  a  pond  or  stream,  "mud  pies"  are 
made  by  the  youthful  progeny  of  the  twentieth  century.  Some 
of  his  rude  products — sun  dried — ^became  permanent,  were  used 
by  him  as  drinking  vessels,  and  so  begat  in  his  crude  mind  an 
impression  of  their  usefulness.  He  began  to  fashion  them,  not 
for  amusement  but  for  use,  and  the  clay  industry  of  the  world 
had  begun.  From  such  a  beginning,  into  what  enormous  propor- 
tions has  it  grown,! 

Clay  products,  when  properly  made  and  cared  for,  are  among 
the  most  lasting  works  of  man.  Wind  or  rain,  frost  or  fire,  has 
little  eflPect  upon  them.  The  most  ancient  remains  of  man^s  in- 
dustry are  the  pieces  of  pottery  vessels  picked  up  on  the  sites 
of  his  former  habitations,  or  removed  from  his  burial  mounds. 
The  oldest  buildings  on  earth  are  those  made  of  sun-dried  brick. 
From  these  rude  vessels,  relics  of  man's  first  handiwork,  to  the 
delicate  and  costly  china-ware  of  our  shops — from  the  adobe  walls 
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on  the  plains  of  Persia  and  Mexico  to  the  magnificent  fronts  of 
pressed  brick  and  terra  cotta  of  our  present  cities — what  steps 
of  human  progress — what  proofs  of  man's  advancement  in  the 
art  of  clay  working! 

During  the  past  ten  years,  the  clay  industries  of  Indiana  have 
had  a  steady  growth.  The  ever  increasing  demand  for  clay  prod- 
ucts for  structural  and  road  uses  has  been  the  chief  incentive 
to  this  growth.  The  rapid  advancement  in  the  price  of  lumber, 
due  to  the  disappearance  of  the  forests  of  the  State,  has,  in  recent 
years,  led  architects  and  builders  to  investigate  more  carefully 
than  ever  before  the  advantages  of  clay  products  for  structural 
purposes.  Those  investigations  have,  for  the  most  part,  proven 
satisfactory,  and  have  shown  the  unexcelled  fitness  of  such  prod- 
ucts for  many  uses  to  which  stone,  wood  or  other  materials  were 
previously  put. 

As  a  proof  that  the  general  public  is  beginning  to  appreciate 
this  fitnees,  one  has  but  to  note  the  rapidly  increasing  use  of  terra 
cotta  and  pressed  brick  for  the  fronts  of  business  blocks  and  the 
more  fashionable  and  costly  private  residences;  of  hollow  brick 
for  their  partition  walls;  of  flue  linings  for  their  chimneys;  of 
clay  shingles  for  their  roofs,  and  of  encaustic  tiles  for  their  floors 
and  mantels.  Indeed,  all  present  signs  point  to  clay — that  most 
widely  distributed  and  cheapest  resource  known  on  earth — as  the 
leading  factor  in  the  future  structures  built  by  man. 

Nor  has  the  increasing  demand  for  clay  products  been  confined 
to  those  used  for  building  purposes.  The  use  of  vitrified  prod- 
ucts, such  as  sewer  pipe,  conduits  and  paving  brick;  and  the 
refractory  clay  wares,  such  as  fire  brick  and  furnace  linings,  has 
also  been  constantly  growing.  Meanwhile  almost  daily  inquiries 
for  literature  relative  to  the  clays  of  the  State  have  been  received 
at  the  office  of  the  Department  of  Geology.  To  partially  meet  this 
demand  for  literature  the  writer,  in  1895,  made  a  rapid  recon- 
naisance  of  the  clay  deposits  of  the  western  and  southwestern  por- 
tions of  the  State,  and  a  paper  concerning  them  was  published  in 
the  Annual  Heport  of  the  Department  for  that  year.*  In  that 
paper  it  was  shown  that  with  the  exception  of  some  of  the  clays 


"^^'A  Preliminary  Report  on  the  Clays  and  Clay  Industries  of  the  Coal-bearing  Counties 
of  [ndiana."— /n  the  Twentieth  Annual  Report  of  the  Department  of  Geology  and  Natural 
Resources  of  Indiana,  1895,  pp.  2^185  (1896). 
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used  in  making  the  better  grades  of  terra  cotta,  encaustic  tile  and 
china  ware,  Indiana  has,  within  her  coal-bearing  counties,  the 
raw  material  in  abundance  for  making  every  kind  65  clay  product 
used  within  her  borders. 

Some  of  the  best  clay  deposits  and  the  largest  clay  factories  of 
the  State  are,  however,  located  in  the  northwestern  counties,  and 
in  1897,  a  second  paper  was  prepared  on  the  clays  of  that  region,* 
in  which  it  was  shown  that  large  deposits  of  clays  suitable  for 
terra  cotta  lumber  and  fine  grades  of  pressed  front  brick  were 
abundant  in  that  section  of  Indiana.  As  a  result  of  the  advertis- 
ing given  the  clay  resources  of  the  State  in  those  two  papers,  the 
capital  invested  in  the  manufacture  of  clay  products  has  more 
than  doubled  in  Indiana  since  1897.  New  industriei^  have  sprung 
up  in  many  portions  of  the  State  and  new  discoveries  have  been 
made  concerning  the  practical  uses  of  large  deposits  of  clay,  be- 
fore considered  worthless.  Moreover,  three  new  railways  which 
have  been,  or  are  now  being  built,  have  made  available  many  new 
deposits  not  mentioned  in  either  of  the  former  papers.  The  edi- 
tion of  both  reports  containing  those  papers  has  been  wholly 
exhausted  for  two  or  more  years.  It  has,  therefore,  been  thought 
best  to  prepare  a  new  report  on  the  Clays  and  Clay  Industries 
which  shall  embrace  the  whole  State,  and  the  field  season  of  1904 
has  been  devoted  almost  wholly  to  the  gathering  of  the  data  for 
such  report.  The  present  paper  is,  therefore,  based  on  this  newly 
gathered  data,  combined  with  the  more  important  portions  of  the 
two  former  papers,  after  bringing  up  to  date  the  information 
therein  contained. 

Definition  of  Clay. 

It  is  rather  difficult  to  give  an  accurate  popular  definition  of, 
the  term  "clay,"  as  commonly  used,  in  general  the  name  is 
applied  to  any  soft,  earthy  substance  which,  when  finely  ground 
and  mixed  with  water,  can  be  readily  fashioned  into  any  desired 
shape,  which  shape  it  mil  retain  while  being  dried  and  burned. 
All  clays,  however,  are  not  soft.  Many  of  the  best  clay  deposits 
of  the  State  are  hard,  rock-like  substances,  which  must  be  blasted 


**'Tb«  Clays  and  Clay  Indaitriei  of  Northwestern  Indiana."— In  the  Twenty«-ieeond 
Aannal  Report  of  the  Department  of  Geoloffy  and  Natural  Reioarcet  of  Indiana»  1897,  pp 
06-158(1896;. 
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and  ground  into  powder  before  being  used.  Such  clays  are  either 
'^shales'*  or  '' under-day s." 

A  microscopic  examination  of  clay  shows  that  it  is  made  up  of 
a  great  number  of  small  mineral  fragments  of  many  different 
kinds  and  of  varying  shape,  ranging  in  size  from  those  which  are 
under  1-1000  mm.  in  diameter  (known  as  clay)  up  to  grains  of 
sand  which  are  sufficiently  large  to  be  easily  visible  to  the  naked 
eye.  The  smaller  particles  predominate,  and  when  burned  soften 
under  the  action  of  heat  and  then  recombine  when  cooled  to  form 
the  hard,  rock-like  ware  or  clay  product. 

According  to  the  chemist,  pure  clay  is  a  "hydrated  silicate 
of  alumina,"  the  formula  of  which  is  Al2032Si02+2Il20,  or 
Al2Si207H-2Il20.  This  simply  means  that  two  atoms  of  the  ele- 
ment* aluminum,  two  of  silicon  and  seven  of  oxygen  are  united 
into  a  molecule  of  the  compound  "silicate  of  alumina,"  and  that 
that  molecule  is  combined  with  two  molecules  of  water,  to  form 
the  clay.  Pure  clay,  with  the  above  composition,  is  called  kaolin, 
its  percentage  composition  being  as  follows : 

Silica  (SiO^   46.3. 

Alumina  (Al,Oa)   39.8 

Water  (H2O)   13.9 

Most  clays  are,  however,  impure  and  contain  numerous  other 
compounds  mixed  with  their  kaolinite.    The  kaolinite,  called  the . 
"clay  base,"  is  present  in  all  materials  to  which  the  term  clay 
rightfully  belongs.     The  purer  the  clay,  the  greater  the  amount 
of  kaolinite  which  it  contains. 

Many  inquiries  are  made  concerning  "aluminum  clay."  From 
the  above  it  will  be  seen  that  all  clays  contain  aluminum  in 
greater  or  less  quantities.  All  clays  are,  therefore,  aluminum 
clays.  The  metal  aluminum  is  not,  however,  separated  from  a 
clay,  but  from  a  compound  called  "bauxite,"  which  differs  from 

*  For  those  who  have  little  or  no  knowledgre  of  chemistry  I  have  thought  it  best  to  give 
here  a  definition  of  the  word  "element",  as  it  will  be  hereafter  used  on  numerous  occasions. 
An  eUtnent  is  one  of  the  seventy  primary  forms  of  matter  which  make  up  the  universe.  It 
is  a  substance  which  has  never  been  separated  into  anything  simpler.  Two  or  more  ele- 
ments united  together  form  a  compound.  There  are  millions  of  compounds,  but  only 
seventy  elements.  For  example :  Wood  is  a  compound,  which  in  the  chemical  laboratory 
can  be  separated  into  three  substances,  carbon,  hydrogen  and  oxygen,  but  no  man  has  as  yet 
been  able  to  separate  carboa,  hydrogen  or  oxygen  into  anything  simpler  than  thoroselves. 
Hence  they  are  elements.  The  seventy  elements  bear  the  same  relation  to  the  compounds 
as  the  twenty-six  letters  of  the  English  Unguaire  bear  to  its  four  hundred  thousand  words. 
Or,  to  state  it  differently,  the  elements  form  the  alphabet  of  tho  universe. 
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a  pure  clay  in  that  its  alumifLum  is  combined  with  oxygen  to 
form  a  soluble,  oxide  instead  of  with  silicon  and  oxygen  to  form 
an  insoluble  silicate.  Bauxite  occurs  in  Alabama,  Arkansas  and 
other  southern  states,  but  not  in  Indiana. 

Obigin  of  Clays. 

The  clay  base  or  kaolin  in  all  clays  had  its  origin  in  the  decom- 
position of  granite  or  other  primitive  rocks  which  contained 
feldspar.  By  primitive  rocks  we  mean  those  which  formed  the 
first  crust  of  the  earth  and  were  largely  or  wholly  igneous  in  their 
nature,  i.  e.,  they  were  rocks  which  had  been  acted  upon  by  great 
heat,  and  had  not  been  deposited  in  stratified  layers  by  water. 
Granite  is  an  example  of  such  rocks  and  is  composed  of  three 
minerals:  quartz,  mica  and  feldspar.  Quartz  or  silica  is  wholly 
insoluble  in  rain  water  or  ordinary  acids.  Mica  is  also  as  insolu- 
ble as  quartz.  The  feldspar  of  granite  is  composed  of  a  silicate 
of  potash,  which  is  soluble,  combined  with  a  silicate  of  alumina,, 
which  is  insoluble,  and  this  combination  acts  as  a  cement. 
Granite,  then,  may  be  regarded  as  composed  of  particles  of  in- 
soluble quartz,  united  to  particles  of  insoluble  mica  by  a  cement 
called  feldspar,  which  is  partially  soluble  and  partially  insoluble. 

When  the  granite  of  the  first  crust  of  the  earth  was  exposed 
for  centuries  to  the  air  and  water,  the  oxygen  of  the  former  and 
the  carbonic  and  other  acids  in  the  latter,  acted  in  time  upon 
the  feldspar  or  cement.  As  the  water  percolated  through  the 
granite,  which  had  been  softened  by  long  exposure  to  the  air, 
the  carbonic  acid  united  with  the  potash  of  the  feldspar  to  form 
a  carbonate  of  potash  very  soluble  in  water.  The  feldspar  or 
cement  was  thus  destroyed  and  the  granite  crumbled.  From  it 
resulted  a  mass  of  kaolin  (the  insoluble  silicate  of  alumina  of  the 
feldspar)  mixed  with  quartz  particles  or  sand  and  numerous  scales 
of  mica.  This  resulting  kaolin  now  forms  the  clay-base,  or  essen- 
tial part  of  all  clays.  Besides  granite,  syenite,  gneiss  and  other 
primitive  rocks  contained  much  feldspar,  and  by  a  similar  decom- 
position as  that  noted  have  yielded  their  proportion  of  kaolin. 
The  latter  is,  therefore,  simply  one  of  the  kinds  of  matter  result- 
ing from  the  decay  of  f eldspathic  rocks. 

2— Oeolofy. 
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Varieties  of  Clays. 

The  clay  materials  resulting  from  the  decay  of  feldspar  may 
be  broadly  classified  into  two  great  groups — residual  clays  and 
sedimentary  clays. 

Eesidual  Clays. — When  a  mass  of  feldspathic  rock  weathers 
down  to  clay  and  the  latter  remains  at  or  close  .to  the  place  of 
its  origin,  the  deposit  is  termed  a  residual  one,  since  the  clay 
thus  formed  represents  the  residuum  of  the  rock  decay,  the  soluble 
portions  of  the  parent  rock  having  been  wholly  or  partly  carried 
off.  If  the  parent  rocks  contained  much  feldspar  or  but  little 
mica,  and  were  covered  before  their  decay  by  some  porous  mate- 
rial such  as  conglomerate  sandstone  through  which  the  water 
could  easily  pass,  large  beds  of  comparatively  pure  kaolin  were 
formed.  Such  deposits  are  called  residual  rock  kaolins  and  are 
among  the  richest  and  purest  clays  known  to  man.  The  kaolin 
deposits  of  Lawrence  and  Martin  counties,  Indiana,  are  secondary 
residual  clays;  i.  e.,  sedimentary  clays  which  have  undergone 
metamorphosis,  probably  by  heat,  and  have  thereby  been  changed 
into  kaolin. 

Surface  residual  clays  are  usually  very  impure  and  highly 
colored  by  iron,  and  since  they  are  formed  by  weathering  they 
often  show  a  gradual  passage  frorn  the  fully  formed  clay  at  the 
surface  to  the  parent  rock  below.  In  limestone  residuals,  how- 
ever, the  change  from  clay  to  rock  is  quite  sudden.  Over  the 
greater  part  of  the  drif  tless  area  of  southern  Indiana  there  occurs 
a  surface  clay  which  is  thus  residual,  being  derived  from  the  de- 
cay of  the  underlying  limestone  or  sandstone  rocks.  During 
thousands  of  years  the  rainfall  penetrating  these  rocks  has  car- 
ried with  it  well  known  solvent  agencies  derived  from  the  atmos- 
phere and  from  the  vegetation  on  the  surface.  Attacking  the 
rocks,  these  solvents  have  borne  away  the  several  ingredients 
which  they  were  competent  to  dissolve  and  have  left  the  rest 
behind.  The  result  has  been  the  production  of  well  disintegrated 
earth  or  soil  at  the  surface,  merging  into  clay  and  partly  decom- 
posed rock  below.  The  clayey  portion  is  composed  mainly  of  a 
mixture  of  kaolinite,  oxides  of  iron,  and  sand  combined  in  varied 
proportions,  the  kaolinite  being  the  silicate  of  alumina  which  was 
disseminated  in  small  particles  through  the  limestones  or  sand- 
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stones  at  the  time  of  their  formation.  This  residual  surface  clay 
is,  in  general,  free  from  those  minute  angular  fragments  of 
foreign  rocks  which  occur  so  commonly  in  most  glacial  or  drift 
clays.  It  is  never  stratified  like  the  latter  sometimes  are,  and  its 
texture  is  more  homogeneous  or  alike  throughout.  For  these 
reasons  its  quality  for  manufacturing  purposes  is  often  much 
superior  to  that  of  most 'of  the  surface  drift  clays  of  northern 
Indiana. 

Sedimeistaky  Clays. — When  the  clay  has  been  carried  by 
water,  ice  or  other  agency  from  the  place  where  first  formed  to 
a  new  location,  and  redeposited  in  water,  it  is  called  a  sedimen- 
tary clay.  Ninety  per  cent,  of  the  clays  of  Indiana  belong  to 
this  group.  Gentle  rains  and  earth-born  torrents,  little  trickling 
rills  and  strong  streams  are  ever  at  work,  tearing  down  the  clays 
from  every  slope  where  feldspathic  rocks  have  decayed  and  bear- 
ing them  away  to  lower  levels.  While  being  carried  onward,  the 
clay-base  or  kaolin,  comparatively  pure  at  starting,  becomes 
mingled  with*  many  impurities,  such  as  the  remains  of  decayed 
limestones,  oxides  of  iron,  etc.  It,  as  well  as  these  impurities, 
are  at  the  same  time  washed  and  ground  fine  by  the  action  of 
the  flowing  water,  until  finally  the  entire  mixture  is  deposited 
as  a  bed  of  fine  sedimentary  clay  at  the  bottom  of  river,  lake 
or  sea,  perhaps  one,  perhaps  a  thousand  miles  from  the  home 
of  its  mother  rock.  Since  the  first  rainfall  upon  the  primitive 
crust  of  the  earth  this  process  of  disintegration  and  transporta- 
tion of  clay  by  water  has  been  going  on,  and  on  it  will  continue 
until  the  end  of  time,  for  the  forces  of  nature  are  never  ceasing 
in  their  action. 

As  a  result,  vast  beds  of  sedimentary  clays  are  found  wherever 
rivers,  lakes  or  seas  have  at  some  former  period  covered  a  portion 
of  the  surface  of  the  earth.  The  sedimentary  clays  of  Indiana 
may  be  classified  as  follows : 

1.  Shales. — A  shale  ib  only  a  clay  which  has  become  con- 
solidated into  a  hard  mass  by  pressure.  When  weathered  or  when 
ground  and  mixed  with  water,  it  becomes  a  soft  plastic  mass  like 
clay.  The  materials  composing  the  shales  of  Indiana  were,  many 
centui'ies  ago,  deposited  in  the  form  of  a  fine  aluminous  sediment 
upon  the  bottoms  of  the  seas,  which  th^n  covered  the  area  now 
occupied  by  the  present  State.     After  these  beds  of  clayey  sedi- 
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ment  were  laid  down  in  the  sea,  thick  beds  of  other  kinds  of 
sediment  were  deposited  over  them,  and  by  the  weight  of  those 
overlying  beds  the  clayey  sediment  was  pressed  and  consolidated 
into  the  hard,  stone-like  mass  called  "shale."*  The  chemist  rec- 
ognizes no  difference  between  a  shale  and  a  clay,  and  the  geologist 
distinguishes  them  only  by  a  thin  lamination,  or  capability  of 
being  Beparated  into  layers,  which  is  present  in  the  shale  and 
absent  in  the  clay,  and  which  is  due  to  the  former  having  been 
deposited  intermittently  in  deep,  still  water.  When  quarried  or 
exposed,  the  shale  splits  into  thin  laminse  along  the  lines  or  planes 
of  stratification. 

In  the  coal  bearing  areas  of  the  State,  shale  is  often  erroneously 
called  "s?a<6."  True  slate  does  not  occur  in  Indiana.  It  is  a 
rock  which  has  been  formed  from  shale  imder  the  action  of  both 
heat  and  pressure.  These  two  agents  have  destroyed  the  original 
layers  of  stratification  so  that  the  slate  no  longer  splits  along 
them,  but  on  the  other  hand  a  new  direction  of  splitting  has  been 
produced,  parallel  to  which  it  splits  evenly  and  regularly.  More- 
over, if  true  slate  be  ground  fine  and  mixed  with  water  it  will 
not  form  a  pasty  plastic  mass  like  clay.  Shales  occur  in  those 
regions  where  the  rocks  lie  flat  or  nearly  so,  while  slate  is  found 
principally  in  mountainous  reerions  where  the  rocks  have  been  dis- 
turbed, tilted  and  folded. 

Two  great  groups  of  shales  of  economic  importance  occur  in 
Indiana,  viz.,  the  Carboniferous  shales  of  the  Coal  Measures  and 
the  Knobstone  or  Waverly  shales  of  the  Lower  Carboniferous  era. 
They  constitute  the  most  valuable  sedimentary  clay  deposits  of 
the  State  and  will  be  treated  more  fully  in  a  later  section. 

2.  Under-Clays  or  "Fire-Clays." — ^In  the  coal-bearing  coun- 
ties of  Indiana  shales  usually  overlie  the  vein^  of  coal,  while 
underlying  each  coal  seam  is  almost  always  a  bed  of  "fire-clay," 
a  form  of  sedimentary  clay  usually  richer  in  kaolinite  and  silica 
than  the  shales.  This  under-clay  had  its  origin  in  the  same  man- 
ner as  did  the  shales,  but  its  freedom  from  lamination  is  a  proof 
that  it  was  deposited  in  shallower  water.  Its  relation  to  the 
overlying  coal  seam  plainly  shows  that  it  once  formed  the  soil 
which  supported  that  luxuriant  plant  growth  which  was  after- 


*That  pressure  alone  wUl  oonsolidate  clay  particles  is  shown  by  the  ease  with  which  firm 
brick  are  molded  by  maohines  by  the  dry  clay  proceit. 
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ward  changed  into  coal.  Those  plants  removed  from  that  soil 
many  of  the  elements  now  found  in  shales  and  clays,  and  as  a 
result  articles  made  from  under-clays  are  more  refractory,  i.  e., 
will  withstand  far  greater  heat  without  melting,  than  will  those 
made  from  shales  or  ordinary  soft  clays.  However,  but  few  of 
the  under-clays  of  Indiana  are,  properly  speaking,  refractory  clays 
of  a  high  grade.  The  majority  of  them  contain  so  great  a  per- 
centage of  potash,  lime,  soda  and  other  fluxes  that  they  fuse 
readily  at  even  moderate  temperatures. 

Sandstone  and  shales  are  not  infrequent  under  the  coal,  espe- 
cially the  former,  and  all  intermediate  grades  are  found,  from 
a  pure  fire-clay  through  sandy  fire-clay  to  what  is  practically 
sandstone.  That  this  sandstone  takes  the  place  of  the  under-clay 
is  shown  by  the  presence  of  the  plant  stems  penetrating  it.  This 
underlying  sandstone,  when  very  fine  grained,  is  commonly  known 
as  "gannister,"  and  in  some  places  has  been  mined,  ground,  and 
used  for  the  hearths  of  iron  furnaces,  for  lining  steel  converters 
and  similar  purposes. 

3.  Dbift  Clays. — These  are  the  most  common  and  widely 
distributed  clays  of  the  State,  being  found  everywhere  over  the 
drift  covered  area  of  its  northern  and  central  portions.  From  the 
shales  and  fire-clays  above  mentioned  and  which  underlie  them 
in  the  Coal  Measures,  they  differ  widely  in  the  amount  of  lime 
and  other  foreign  constituents  which  they  contain.  This  differ- 
ence is  mainly  due  to  the  fact  that  they  were  transported  to  and 
deposited  in  their  present  resting  places,  not  by  water  in  the  liquid 
form,  as  were  the  shales  and  fire-clays,  but  by  a  great  glacier  or 
moving  sea  of  ice  which,  thousands  of  years  ago,  flowed  slowly 
over  the  greater  portion  of  our  State,  grooving  and  planing  the 
surface  of  the  solid  rocks,  strewing  for  hundreds  of  miles  in  its 
track  beds  of  clay  and  sand  and  gravel — ^pushing  before  it  the  ac- 
cumulated soils  and  clays  of  centuries,  and  mixing,  transporting 
and  changing  them  to  such  an  extent  as  to  well  nigh  destroy  their 
separate  characteristics  and  greatly  increase  the  difiiculty  of  their 
proper  classification. 

Transported  and  deposited  as  they  were,  these  drift  clays  are, 
in  general,  too  impure  for  any  use  but  the  making  of  ordinary 
brick  and  drain  tile,  and  oftentimes  they  contain  too  many  lime 
pebbles  even  for  this  purpose.    This  is  due  to  the  grinding  up  and 
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mixing  with  the  clays  luuch  of  the  surface  limestones  over  which 
the  gflacier  passed,  as  the  erosion  of  that  epoch  not  only  removed 
and  commingled  the  previously  formed  residual  deposits,  but 
planed  away  the  country  over  a  vast  area  to  a  greater  depth  than 
had  been  reached  by  any  previous  decay.  These  eroded  limestones 
and  the  clays  with  which  they  were  mixed  were  many  of  them 
ground  into  impalpable  powder  and  deposited  before  a  subsequent 
decay  could  take  place,  so  that,  as  has  been  well  said,  "the  drift, 
clays  are,  many  of  them,  rock  flour  and  not,  as  are  the^  residual 
clays,  the  products  of  rock  rot/'* 

4.  Alluvial  Clays. — Along  the  lowlands  and  terraces  or  sec- 
ond bottoms  of  the  larger  streams  of  Indiana  are  found,  at  inter- 
vals, very  large  deposits  of  alluvial  clays.  These  are  sedimentary 
clays  of  the  present  age.  They  owe  their  origin  either  to  the 
deposition  of  fine  particles  of  clay  in  the  eddies  of  the  streams,  or 
to  the  slow  accumulation  of  the  clayey  sediment  during  the  annual 
overflows  of  the  areas  which  they  now  occupy.  In  some  places 
they  are  30  to  00  feet  in  thickness  and  remarkably  free  from 
pebbles  or  coarse  impurities  of  any  kind.  Oftentimes  they  alter- 
nate with  strata  of  sand  or  even  gravel.  They  are  usually  very 
plastic  and  are  sometimes  sufficiently  fine  grained  to  be  employed 
in  the  manufacture  of  pottery.  In  Ohio  and  other  states  similar 
clays  have  been  used  for  several  years  in  the  manufacture  of  pav- 
ing material,  but  in  Indiana,  their  only  use,  heretofore,  has  been 
in  the  making  of  ordinary  building  brick  and  drain  tile. 

5.  'SiLTY  OR  Marly  Clays. — These  clays  resemble  very 
closely  those  of  the  preceding  class.  They  differ  in  that  they  were 
deix)sited  in  bays,  lakes  or  harbors,  in  still  water.  Much  "rock 
flour"  containing  a  large  percentage  of  kaolin  was  pro<luced  by  the 
passing  of  the  glaciers  over  beds  of  shale.  This  was  held  in  sus- 
pension by  the  glacial  streams  and  finally  deposited  in  the  bays 
and  lakes  of  that  epoch.  These  marly  clays  are,  in  general,  com- 
posed of  finer  grains,  and  are  more  usually  in  thin  layers,  sep- 
arated by  a  coating  of  sand,  than  are  the  alluvial  clays.  They 
contain  a  greater  percentage  of  finely  disseminated  lime  and  mag- 
nesium carbonates,  and  for  that  reason  products  burned  from  them 
are  usually  cream  colored  or  whitish.     These  clays,  up  to  the 

•  Chamberlain,  T.  C.-8ixth  Ann.  Rep.  U.  S.  Geol.  Surv.,  p.  249. 
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present,  have  been  found  to  occur  only  in  the  northern  third  of 
the  State,  in  areas  formerly  occupied  by  the  southern  extension 
of  Lake  Michigan,  small  fresh  water  lakes  and  bays  or  inlets  of 
the  larger  streams. 

6.  Loess  Clays. — The  surface  of  a  large  area  in  southwestern 
Indiana  is  covered  with  a  very  fine  grained,  clayey  buff  or  brown 
silt,  known  as  "common  loess/'  It  contains  but  a  small  percentage 
of  lime,  rarely  effervescing  with  acid.  lime  pebbles  are  very 
scarce,  and  where  found  are  generally  of  small  size.  Other  peb- 
bles do  not  occur  except  where  the  sheet  of  loess  is  so  thin  that 
roots  penetrate  to  the  underlying  drift  and,  on  the  felling  of  the 
tree,  pull  the  pebbles  up  into  the  loess.  It  presents  no  evidence 
of  stratification  nor  does  it  contain  fossils  of  any  kind.  Being 
very  uniform  in  composition,  and  free  from  foreign  impurities, 
these  common  loess  clays  are  much  better  suited  for  clay  working 
purposes  than  the  pebbly  drift  clays  which  in  many  places  lie 
between  them  and  the  underlying  Coal  Measure  rocks. 

The  beds  of  sedimentary  clay  now  found  in  Indiana  are  none 
of  them  identical  with  those  first  formed  after  the  decay  of  the 
primitive  crystalline  rocks.  That  igneous  force  which  somewhere 
is  ever  pushing  the  bottom  of  the  sea  upward,  long  ago  raised  the 
first  shale  beds  into  dry  land.  Rain  and  frost  again  caused  their 
decay,  and  again  did  the  agency  of  flowing  water  mix  and  grind 
and  bear  their  particles  to  the  bottoms  of  new  seas  and  lakes.  No 
one  knows,  or  can  ever  know,  how  often  these  successive  changes 
of  elevation,  disintegration,  erosion  and  deposition  have  taken 
place  in  the  ages  past ;  but  the  clay  base  in  the  materials  of  our 
buildings  and  roadways  of  today  would,  if  traced  backward,  lead 
us  through  many  a  geologic  change  to  the  granites  and  gneisses  of 
the  old  archnean  times. 

Summing  up  the  last  few  pages  we  find,  therefore,  that,  based 
either  upon  the  relation  of  their  present  location  to  their  place 
of  origin,  or  the  manner  of  their  transportation  and  deposition,  we 
have  the  following  classification  of  our  Indiana  clays : 
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Clatb. 


BendutU. 

Remaiains  on 
or  netr  the 
place  of  their 
origin. 


Sedimentary. 

Removed  from 
their  place  of 
origio  and 
deposited  in 
water. 


1.    Bonk  Kaoliiu 
of  Lawrence  and 
acUoinins 
eonntiei. 


2.    Surface  Olaye 
of  the  driftlesi 
area  of  louthern 
Indiana. 


Trkni  ported  by 
water. 


Transported  by 
lee. 


f  Ancient  or 
paleosoic. 


Recent. 


3.    Drift  Clay 9. 

The  surface 
clays  of 
northern, 
central  and 
sontheastern 
Indiana. 


1.    ShaUe. 

Laminated,  owing 
to  deposition  in 
deep  water. 


2.    Und€r-Ciaw§, 

Unlaminated; 
deposited  in 
shallow  lakes 
or  marshes. 


4.    Alluvial  Claye. 

Deposited  by  onr 
present  rirers  * 
and  streams. 


5.    Silty  or  Marly 
Claye, 

Deposited  in  the 
Quiet  waters  of 
harbors,  bays 
and  lakes. 


6.    Loeee  Claye. 

Secondary  de- 
posits transported 
by  wind  to  their 
present  location 
m  southwestern 
Indiana. 


The  Physical  Peopertles  of  Clays. 

All  clays  suitable  for  manufacturing  purposes  possess  certain 
essential  and  characteristic  physical  properties  which  will  now  be 
briefly  considered. 

Slaking. — ^If  a  bed  or  mass  of  clay  be  freshly  opened  up  or 
exposed  to  the  air  for  any  length  of  time  it  absorbs  moisture  and 
weathers  or  slakes  to  a  finely  divided  mass.  If  it  be  a  cliff  of 
shale,  the  pieces  will  flake  off  and  fall  to  the  base  where  the  frag- 
ments will  divide  and  sub-divide  until  the  whole  mass  is  weathered 
into  a  soft  plastic  clay.  If  the  shale  comes  close  to  the  surface 
over  a  level  or  flat  area  the  clay  will  be  found  on  top,  and  as  we 
pass  downward  a  mixture  of  clay  and  partially  slaked  shale  frag- 
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ments  is  encountered,  which  finally  merges  into  the  fresh  un- 
slaked or  unweathered  shale.  The  power  to  slake  readily  is, 
therefore,  a  great  advantage  as  it  enables  hard  clay  masses  to  be 
softened  and  comminuted  and  thus  often  does  away  with  the 
necessity  for  elaborate  grinding  processes.  In  fact,  nature  will 
often  profluce  a  far  more  plastic  mass  by  weathering  than  could 
be  produced  by  grinding  the  fresh  material.  Clays  which  dis- 
integrate rapidly  can  be  mixed  up  readily  and  can  be  easily  washed 
in  case  they  have  to  be  freed  from  impurities  by  mechanical 
means.  Clays  which  are  dense  slake  very  slowly.  Many  shales 
will  not  slake  when  thrown  into  water,  but  exposed  to  the  slow, 
disintegrating  action  of  the  weather  they  fall  to  pieces  slowly  but 
completely. 

Clay  manufacturers,  especially  those  who  mate  refractory  pro- 
ducts or  pottery,  often  expose  large  quantities  of  clay  to  the 
weather  for  several  months.  By  such  weathering  the  hard  clays 
are  broken  up  into  fine  grains  which  greatly  reduces  the  labor  of 
grinding.  The  soft  clays  are  rendered  tough  and  plastic  by  their 
exposure.  At  the  same  time  the  oxygen  of  the  air  changes  the 
sulphide  of  iron  present  in  many  clays  to  a  sulphate,  which  is 
readily  dissolved  and  carried  away  by  rain  water;  Any  sulphates 
of  lime  or  magnesia  present  are  also  rendered  soluble  and  are 
removed.  These  compounds  of  sulphur  are  all  harmful  and  the 
weathering  is,  therefore,  beneficial  from  a  chemical  as  well  as 
from  a  physical  standpoint. 

Plasticity. — ^The  most  important  physical  property  of  clay  is 
plasticity.  It  is  this  property  which  causes  clay,  when  mixed  with 
water,  to  become  a  tough,  pasty  mass  readily  capable  of  being 
fashioned  into  any  form  by  the  hands  or  molds;  and,  when  so 
fashioned,  to  retain  its  shape  while  being  carried  to  the  drying 
room  or  kiln.  It  is  hard  to  realize  what  an  important  property  this 
really  is,  for  without  it  we  could  do  but  little  with  the  material. 
H  we  take  the  white,  non-plastic  kaolin  of  Lawrence  County, 
grind  it  to  an  impalpable  powder  and  mix  it  with  a  certain  amount 
of  water,  we  shall  have  a  mass  just  sufficiently  coherent  to  ball 
together.  If,  however,  we  try  to  mold  the  wet  mass  into  a  form 
it  quickly  crumbles  and  shows  itself  quite  unworkable.  From  this 
extreme  up  to  the  most  plastic  of  potters'  clays,  which  will  re- 
spond to  every  touch  of  the  artist's  hand  and  preserve  every  line 
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of  the  graver's  tool,  we  find  among  the  clay  materials  of  Indiana 
every  grade  of  variation. 

This  property  of  plasticity  is  due  to  several  causes^  chief  among 
which  ia  the  presence  of  water  combined  with  the  silicate  of 
alumina  in  the  formation  of  the  clay.  Clays,  even  when  thor- 
oughly dried  in  the  sun  and  air  so  that  they  have  every  appearance 
of  being  dry  powders,  will  sometimes  contain  as  much  as  12  or  14 
per  cent,  of  this  combined  water.  When  the  clays  are  once  burned 
and  this  combined  water  driven  off  by  heat,  they  lose  their  plas- 
ticity. Brick  dust  or  burned  clay  may  be  grotmd  fine  and  moist- 
ened, but  unless  mixed  with  some  unburned  plastic  material  the 
particles  will  not  cohere.  The  presence  of  a  certain  proportion  of 
particles  which  actually  soften  and  become  sticky  under  the  action 
of  this  combined  water  is  probably  the  principal  cause  of  the  plas- 
ticity. These  active  particles  which  become  coherent  when  wet 
are  called  colloid  (which .  means  glue-like),  to  distinguish  them 
from  the  inactive,  crystalline  and  amorphous  grains  which  are 
also  present  in  almost  every  clay. 

An  absence  of  crystals  in  the  clay-base  or  kaolin  thus  adds 
greatly  to  the  plasticity  of  the  clay,  as  does  also  the  fineness  to 
which  the  grains  of  kaolin  have  been  reduced.  Clays  which  are 
mixed  in  autumn  and  "weathered" — i.  e.,  exposed  to  rain  and 
frost  throughout  the  winter,  have  the  crystalline  structure  of  their 
kaolin  more  or  less  broken  up  by  alternate  freezing  and  thawing. 
Their  degree  of  fineness  is  at  the  same  lime  increased,  rendering 
them  more  highly  plastic  and  therefore  more  readily  molded  into 
any  desired  shape. 

As  noticed  above,  our  Indiana  clays  vai'y  from  those  in  which 
the  plasticity  is  low  or  wholly  absent  to  those  in  which  it  is  very 
strong.  The  former  are  said  to  be  "lean,"  the  latter  "fat"  or 
"strong."  The  sedimentary  clays  are  much  more  plastic  than  the 
residual  clays.  The  former  in  their  journeyings  have  been  ground 
and  reground,  their  crystalline  structure  destroyed,  and  their 
particles  reduced  to  a  very  fine  condition  and  thus  rendered  more 
susceptible  to  cohesion  with  particles  of  water.  It  is  true  many 
of  them  may  have  been  consolidated  into  shales  and  under-clays, 
but  most  of  these,  by  repeated  grindings,  are  again  rendered 
plastic. 

If  a  clay  is  lean  its  plasticity  can  be  increased  by  the  admixture 
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of  a  more  plastic  one ;  or,  if,  on  the  other  hand,  it  is  too  fat,  it  can 
be  tempered  by  the  addition  of  sand.  Sand  is  a  powerful  de- 
stroyer of  plasticity,  but  it  should  also  be  borne  in  mind  that  the 
more  sand  that  is  added  the  greater  will  be  the  porosity  of  the 
product.  Manufacturers  of  common  brick  unfortunately  very 
often  have  a  tendency  to  add  too  much  sand  to  their  clay,  because 
it  makes  it  so  much  easier  to  work. 

Air  Shbinkage. — "This  property  refers  to  the  decrease  in  size 
which  takes  place  during  the  air  drying  of  the  clay,  and  is  due  to 
the  evaporation  of  the  water  which  has  been  used  to  mix  up  the 
material.  The  amount  of  air  shrinkage  usually  stands  in  direct 
relation  to  the  quantity  of  water  absorbed  by  the  clay  during  the 
mixing  or  tempejing.  Since  plastic  clays  absorb  more  water  than 
lean  or  slightly  plastic  ones,  they  show  a  higher  air  shrinkage. 
The  air  shrinkage  ranges  from  one  to  two  per  cent,  in  very  lean 
or  sandy  clays  up  to  eight  or  ten  per  cent,  or  possibly  even  more 
in  very  plastic  material.  The  air  shrinkage  is  a  matter  of  con- 
siderable importance  to  the  clay  worker,  for  the  reason  that  the 
greater  the  decrease  in  size  of  the  clay  product  during  drying  the 
greai:er  the  danger  of  its  warping  or  cracking.  Clays  with  a  high 
air  shrinkage  usually  have  to  be  dried  very  slowly  and  carefully, 
and  the  aim  of  the  manufacturer,  therefore,  is  to  find  a  clay  or 
make  a  mixture  of  clays  which  will  not  only  have  a  low  air  shrink- 
age, but  which  will  also  stand  rapid  drying.  The  air  shrinkage 
begins  as  soon  as  the  clay  has  been  molded  or  is  taken  from  the 
machine,  and  all  the  moisture  is  not  driven  off  until  the  brick  is 
placed  in  the  kiln.  The  last  portions  of  it  evaporate  in  the  early 
stages  of  burning,  during  which  period  great  quantities  of  steam 
can  be  seen  issuing  from  the  chimneys  of  the  kiln ;  this  is  known 
as  the  water-smoking  process.  Some  clays  part  readily  vnth  the 
water  contained  in  their -pores,  especially  if  they  are  sandy."  * 

FiBE  Shbinkaoe. — "All  clays  undergo  a  second  diminution  in 
volume  during  the  firing,  and  this  may  range  from  two  or  three 
per  cent,  up  to  15  or  20  per  cent,  or  even  more,  showing  just  as 
much  variation  as  the  air  shrinkage,  but  being  due  to  different 
causes.  The  fire  shrinkage  does  not  really  begin  until  the  chem- 
ically combined  water  and  carbonic  acid  gas  are  driven  out  of  the 
clay^  consequently  it  commences  at  about  dull  redness.    Although 

*  Bie».-<^lB,78  of  the  17.  S.  east  of  the  Miisissippi  River,  1908,  p.  20. 
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most  clays  shrink  in  burning,  there  are  a  few,  such  as  those  con- 
taining much  quartz,  which  tend  to  expand  at  high  temperatures. 
Both  the  air  shrinkage  and  the  fire  shrinkage  may  often  be  de- 
creased by  the  addition  of  sand  to  the  clay  mixture."  * 

Insolubility. — A  fifth  physical  property  of  clay  is  insolubility. 
The  better  grades  of  clay  are  not  affected  by  any  acid  or  other 
chemical.  On  impure  clays,  however,  especially  those  containing 
much  lime,  carbonate  of  iron  or  allied  chemical,  muriatic  or  sul- 
phuric acid  will  cause  an  effervescence  or  bubbling,  and  the  clay 
will  be  in  part  destroyed.  This  property  of  insolubility  possessed 
by  the  raw  clay  is  not  lost  in  the  burning,  and  the  finished  clay 
product  can  be  brought  in  contact  with  acids  or  chemicals  with- 
out being  impaired.  It  thus  enables  these  products  to  be  put  to 
many  uses  in  which  utter  freedom  from  chemical  action  is  de- 
manded. 

Tensile  Strength. — ^It  is  this  property  which  provides  strength 
in  the  air-dried  clay  so  that  articles  fashioned  of  it  can  be  trans- 
ported to  the  kiln  without  crumbling  and  breaking.  In  most 
clays  this  property  seems  to  stand  more  or  less  in  relation  to  plas- 
ticity— that  is,  very  plastic  clays  often,  but  not  always,  have  a 
high  tensile  strength.  Such  a  strength  in  clay  is  desirable,  since 
it  helps  the  ware  to  resist  cracking  in  drying,  and  also  permits  it 
to  stand  handling  better  in  its  air-dried  condition.  The  kaolins 
show  the  lowest  tensile  strength  of  all  the  clays,  while  the  impure 
Giunbo  clays  of  the  Central  and  "Western  States  show  perhaps 
the  highest  cohesive  power  of  any  known.  The  property  is  tested 
in  the  laboratory  by  molding  briquettes  of  a  special  shape  which, 
after  drying  out  are  pulled  apart  in  a  machine  designed  for  the 
purpose.  The  strength  of  different  kinds  of  clays,  as  determined 
in  this  manner,  is  given  in  the  following  table : 

Tensile  Strength  of  Clays. 

Poundt  per 
%  Sq.  Inch. 

Pure  kaoUns  5-20 

Common  brick  clays 30-100 

Pottery  clays  100-400 

BaU  clays  and  other  very  plastic  clays 200-500 

Infusibility. — Kaolin  and  many  of  the  purer  grades  of  fire-clay 
can  be  subjected,  without  fusing  or  melting,  to  the  highest  heat 
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obtainable  in  the  practice  of  metallurgy.  This  fire  resisting  or 
refractor^  property  is  one  of  the  most  remarkable  and  valuable 
which  clays  possess.  Upon  it  depends  their  use  for*  making  that 
long  list  of  materials  which  of  necessity  must  be  subjected  to  in- 
tense heat,  such  as  crucibles,  gas  retorts,  glass  pots,  reverberatory 
furnaces,  etc. 

But  it  is  only  the  purer  clays,  as  kaolin,  or  kaolin  mixed  with 
silica  (the  so-called  fire-clays)  that  are  infusible.  When  other 
substances  commonly  found  in  sedimentary  clays,  such  as  lime, 
potash,  iron,  etc.,  are  present,  a  comparatively  low  temperature 
will  bring  about  a  fusion  or  melting.  Chemical  changes  will  re- 
sult, and  new  compounds,  chief  among  which  are  complex  artificial 
silicates,  will  be  formed.  To  all  such  substances  whose  presence 
tends  to  bring  about  the  melting  of  refractory  material  the  gen- 
eral name  of  "/Jwrces^'  is  given.  Named  in  the  order  of  their 
power  to  cause  the  fusion  of  kaolin,  the  leading  fluxes  are  potash, 
soda,  iron,  lime  and  magnesia.  Good  grades  of  fire-clays  can  not 
contain  more  than  three  to  four  per  cent,  of  these  fluxes.  Most 
sedimentary  clays  contain  a  much  higher  per  cent.,  and  for  this 
reason  fire-bricks,  furpace  linings,  crucibles,  retorts,  etc.,  can  not 
be  made  from  them. 

The  infusibility  of  kaolin  is  chiefly  due  to  the  same  property 
being  possessed  by  its  constituents,  silica  and  alumina.  Each  can 
be  melted  only  in  the  flame  of  the  oxy-hydrogen  blow-pipe.  Com- 
bined with  kaolin  to  form  the  fire-clays  is  almost  always  a  large 
per  cent,  of  free  silica  or  sand,  which  is  nothing  more  than  small 
particles  of  quartz.  This  is  the  only  impurity  which  can  be  mixed 
with  kaolin  without  lessening  its  property  of  infusiblity.  In  all 
the  better  grades  of  fire-clays  a  large  percentage  of  this  free  silica 
is  present.  The  Montezuma  fire-clay,  which  has  a  wide  reputation 
throughout  Indiana  and  adjoining  states  for  fire-resisting  qualities, 
contains  a  total  of  88.4  per  cent,  of  silica ;  while  some  refractory 
materials  are  manufactured  from  quartzose  rock,  which  is  finely 
ground  and  then  mixed  with  a  small  amount  of  plastic  fire-clay  to 
give  it  tenacity.  But  few  large  deposits  of  either  kaolin  or  fire- 
clay free  from  fluxing  impurities  are  known  to  exist ;  and  such  of 
these  as  are  readily  accessible  are  of  great  conmiercial  value. 

Fine  grained  clays  will,  other  things  being  equal,  usually  fuse 
at  a  lower  temperature  than  coarse-grained  ones.    Common  brick 
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clays  will  often  fuse  at  a  temperature  of  from  2,000°  to  2,300°  F. 
Stoneware  clays  can  often  be  heated  to  a  temperature  of  2,600° 
or  2,700°  F.  before  becoming  viscous,  while  good  fire-clays  do  not 
become  viscous  until  3,200°  or  3,300°  F.,  or  even  more,  is  reached. 

"The  temperature  of  fusion  may  be  determined  in  several 
different  ways.  One  method  consists  in  using  test  pieces  of 
known  composition,  and  consequently  known  fusibility.  Such  a 
set,  which  is  much  used  by  practical  clay  workers,  is  known  as 
Seger  cones.  They  are  made  up  of  a  series  of  mixtures  of  clay 
and  fluxes  so  compounded  and  graded  as  to  represent  a  succession 
of  fusion  points,  each  being  but  a  few  degrees  higher  than  the 
preceding.  The  ingredients  of  these  cones  are  kaolin,  feldspar, 
quartz,  marble  and  pure  ferric  oxide.  The  series  consists  of  58 
members,  the  lowest  one  having  a  fusion  point  of  1,094°  F. 
(590°  C),  and  the  highest  3,362°  F.  (1,850°  C).  In  order  to  test 
the  heat  of  a  kiln,  these  cones  are  placed  in  the  fire  at  a  point 
where  the  flame  will  not  strike  them.  As  the  heat  rises  the  cones 
begin  to  soften,  and  when  the  fusing  point  is  reached  each  bends 
over  until  its  tip  touches  its  base.  The  cones  are  placed  in  the  kiln 
at  a  point  where  they  can  be  watched  through  a  peephole.  Sev- 
eral cones  of  the  several  members  are  put  in,  for  example,  05, 
1  and  5.  If  cones  05  and  1  are  melted  in  the  burning,  but  5  is  not 
alffected,  it  indicates  that  the  temperature  is  between  1  and  5. 
In  the  next  burning  2,  3  and  4  are  put  in ;  2  and  3  may  be  fused 
but  4  remains  unaffected,  showing  that  the  temperature  of  the 
kiln  was  the  same  as  the  fusing  point  of  cone  3."  * 

Induration. — The  next  of  the  physical  properties  of  clays  to  be 
here  mentioned  is  that  of  induration.  By  this  is  meant  the  power 
which  it  possesses  of  hardening  when  subjected  to  heat.  The  im- 
portance of  this  property  can  scarcely  be  over-estimated.  With- 
out it  an  article  fashioned  from  clay  would  be  only  so  much  stiff 
mud  which,  on  exposure  to  rain  or  frost,  would  soon  crumble  to 
dust  on  account  of  its  porosity  and  attraction  for  moisture. 

The  first  change  taking  place  in  the  clay  when  heated  is  the 
driving  off  of  the  water  which  has  been  added  to  it  to  make  it 
soft  and  plastic.  This  should  be  done  so  slowly  as  to  allow  all  of 
this  moisture  to  escape  as  vapor  before  the  clay  becomes  heated 
above  the  boiling  point  of  water,  for  the  generation  of  steam 
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would,  of  course,  tend  to  destroy  the  structure  which  has  been  im- 
parted to  the  clay  and  which  is  important  to  keep.  After  this 
hygroscopic  water  has  been  driven  off  the  heat  may  be  increased 
more  rapidly  until,  at  about  1,000°  F.,  the  ware  will  begin  to 
shrink  and  lose  weight  on  account  of  the  loss  of  the  combined 
water  in  the  clay-base  or  kaolinite. 

When  the  clay  has  been  heated  up  to  a  temperature  of  redness 
or  above,  depending  on  the  refractory  quality  of  the  mateilial,  a 
hardening  of  the  mass  takes  place.  This  is  due  to  a  first  softening 
oi  the  particles  under  the  action  of  the  heat,  the  result  of  this 
being  that  they  stick  together  and  make  the  product,  when  cold, 
as  ^*hard  as  a  rock."  It  is  this  property  of  hardening  under  fire 
that  makes  clay  products  so  resistent  and  durable. 

All  clays  do  nbt,  however,  act  alike  when  heated.  Some  soften 
very  rapidly  when  burned ;  others  very  slowly.  Some  soften  at  a 
very  low  temperature  and  are  consequently  said  to  be  easily 
fusible ;  others  do  not  soften  until  burned  to  a  very  high  tempera- 
ture and  are  called  refractory.  Fire-clays  are  refractory  and 
brick  clays  are  usually  easily  fusible. 

When  a  piece  of  shale  is  put  into  a  kiln  or  furnace  and  burned, 
the  first  signs  of  fusion  are  a  softening  of  the  particles.  If  the 
shales  be  now  cooled,  it  will  be  a  solid  mass,  and  hard  enough  to 
cause  difficulty  in  scratching  it  with  a  knife.  It  has  been  heated 
to  a  condition  of  incipient  fusiony  or  the  point  at  which  the  par- 
ticles become  soft  in  the  fire.  Common  bricks  and  earthenware 
are  baked  only  to  this  first  point,  and  retain  an  open  and  porous 
structure,  the  bond  of  incipient  fusion  being  sufficient  to  form 
the  clay  into  tough,  stone-like  materials. 

If  ,the  same  piece  of  shale  is  heated  still  higher,  the  particles 
soften  so  much  that  they  are  able  to  adjust  themselves  better  and 
to  pack  to  a  dense,  impervious  mass,  and  when  cool  the  individual 
grains  will  no  longer  be  recognizable.  This  is  the  condition  of 
vHrificationy  and  all  stoneware,  paving  brick  and  sewer  pipe 
makers  try  to  vitrify  their  wares. 

If  the  piece  of  shale  is  once  more  put  into  the  fire  and  heated 
to  a  higher  temperature  than  before,  the  clay  will  finally  become 
so  soft  as  to  cause  the  mass  to  run  or  become  viscous.  This  is 
known  as  the  condition  of  viscosity. 

The  difference  in  temperature  between  the  points  of  incipient 
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fusion  and  viscosity  varies  in  different  clays.  In  calcareous  clays 
the  softening  action  takes  place  rapidly  and  the  two  extremes  may 
not  be  more  than  50°  or  100°  F.  apart,  but  in  non-calcareous  clays 
the  point  of  incipient  infusion  and  vitrification  may  be  separated 
by  an  interval  of  400°  F.  Though  the  above  named  three  stages 
in  the  burning  of  the  clay  are  recognized,  it  is  sometimes  rather 
difficult  to  determine  them  exactly. 

The  practical  bearing  of  all  this  is  that,  in  burning  a  kiln  of 
ware  to  vitrification,  it  is  impossible  to  bring  the  temperature  just 
up  to  that  point  and  then  stop  it ;  on  the  contrary,  the  heat  is  apt 
to  go  a  little  beyond  that  before  it  can  be  stopped.  If  the  shale 
passes  rapidly  from  the  condition  of  vitrification  to  viscosity,  then 
there  is  danger  of  melting  the  contents  of  the  kiln  in  attempting 
to  vitrify  them.  But  if  the  two  points  mentioned  are  some  dis- 
tance apart,  then  there  is  not  so  much  danger  in  slightly  over- 
stepping the  point  of  vitrification. 

To  safely  vitrify  a  clay,  the  points  of  vitrification  and  viscosity 
should  be  at  least  125°  F.  apart,  and  preferably  200°.  In  clays 
containing  a  high  percentage  of  lime,  they  are  not  over  50^  apart, 
and  hence  such  clays  are  not  adapted  to  makvag  vitrified  wares. 

Color. — The  color  of  a  clay  before  it  is  burned  is  of  little  im- 
portance except  in  so  far  as  it  serves  to  indicate  the  presence  of 
iron,  which  is  one  of  the  fluxing  constituents.  Many  clays  are  so 
brilliantly  colored  with  iron — ^for  example  the  residual  clays  of 
the  southern  or  drif tless  area  of  Indiana — ^that  the  color  at  once 
indicates  their  non-refractory  character.  In  the  kiln,  however, 
except  in  perfectly  white  clays  which  burn  white,  color  changes 
invariably  take  place.  Many  black  clays  stained  by  organic  mat- 
ter burn  white,  while  others  burn  to  reds,  buffs  and  cream  colors. 
Shales  with  only  2  to  3  per  cent,  iron  oxide  bum  buff,  while  those 
with  4  or  more  per  cent,  bum  red.  A  buff  or  cream  color  is  also 
produced  if  the  clay  contains  much  carbonate  of  lime,  say  three 
times  as  much  lime  as  iron,  and  this  is  what  causes  many  of  the 
northern  Indiana  brick  clays  to  bum  a  cream  color. 

Magnesia  exerts  the  same  coloring  effect  on  the  burned  ware 
as  lime,  and  alkalies  tend  to  turn  the  iron  red  into  a  brown.  Silica 
has  no  effect  on  the  color  in  burning.  JS^othing  of  importance  has 
ever  been  accomplished  technically  in  causing  a  dark  burning  clay 
to  bum  white. 
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Chemical  Properties  of  Clays. 

A  chemical  analysis  of  a  pure  clay  would  show  but  three  ingre- 
dients present,  viz.,  silica,  alumina  and  combined  water.  These, 
as  already  noted,  make  up  the  kaolinite  or  clay  base.  Pure  de- 
posits of  kaolin  are,  however,  very  rare,  as  almost  all  clays,  and 
especially  all  sedimentary  ones,  contain  other  ingredients  which 
they  have  gathered  in  their  wanderings  from  the  spot  where  the 
kaolinite  was  first  freed  from  the  mother  rock.  Anything  other 
than  the  clay-base  may  be  considered  an  impurity.  The  impuri- 
ties most  commonly  found  in  clays  are  silica  or  sand,  compounds 
of  iron,  lime,  magnesia,  potash,  soda,  and  sometimes  organic 
matter.  The  uses  to  which  any  clay  can  be  put  are  determined 
very  largely  by  the  impurities  which  it  contains.  Some  influence 
the  color,  others  the  shrinkage,  while  all  exert  more  or  less  effect 
on  the  fusibility  of  the  material,  the  influences  in  each  case  in- 
creasing usually  with  the  amount  of  the  impurity  which  the  shale 
contains. 

The  practical  clay  worker  usually  considers  a  physical  test  far 
more  valuable  than  a  chemical  analysis,  for  the  reason  that  the 
facts  contained  in  the  former  are  easily  capable  of  interpretation, 
while  those  of  the  latter  can  not,  as  a  rule,  be  utilized  by  him. 
Moreover,  clays  of  widely  different  properties  will  sometimes  have 
almost  identical  chemical  composition  and  vice  versa.  Combined 
with  other  data  the  results  of  complete  chemical  analysis  are,  how- 
ever, always  of  value,  as  from  them  any  one  with  experience  can 
judge  accurately  as  to  the  refractoriness  or  fusibility  of  a  clay. 

Silioa. — ^Taking  up  the  so-called  impurities  of  clays  in  the 
order  above  mentioned,  we  find  that  the  most  common  is  silica  or 
sand  other  than  that  in  the  clay-base.  This  occurs  either  free  as 
quartz  particles,  or  in  a  combination  with  the  other  impurities 
in  the  form  of  silicates.  The  free  quartz  particles,  commonly 
known  as  sand,  are  found  in  all  clays,  and  though  classed  as  an 
impurity,  they  are  in  most  instances  a  necessary  constituent, 
since  their  presence  prevents  that  warping,  shrinking  and  crack- 
ing while  drying,  which  is  sure  to  take  place  in  the  made-up  ware 
when  too  great  a  percentage  of  pure  kaolin  is  present.  Clays 
which  are  tough  and  exceedingly  plastic  are  termed  "fat  clays,*' 
and  to  them  sand  is  often  added  artificially  to  lessen  the  plasticity 
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and  render  their  products  more  easily  dried.  Uncombined  silica 
in  moderate  quantities  is  thus  beneficial,  since  it  preserves  the 
f oiin  at  high  temperatures.  When  in  excess  it  destroys  cohesion 
and  renders  the  ware  porous,  brittle  and  weak. 

Compounds  of  Iron. — Next  to  sand,  compounds  of  iron  are  the 
most  common  and  the  most  important  impurities  of  clays.  Pure 
iron  does  not  exist  free  in  nature,  but  its  compounds  are  very 
abundant.  Among  those  occurring  uncombined  in  clays  are  the 
two  oxides — the  proto  or  ferrous  oxide  (FeO),  and  the  per,  sesqui 
or  ferric  oxide  (FogOa)  ;  also  the  carbonate  (FeCOg)  ;  the  sulphide 
'^  (FeS2),  and  the  sulphate  (FeS04).  I^^  addition  to  these  many 
chemists  believe  that  most  every  clay  has,  chemically  combined 
with  its  kaolin  or  clay-base,  a  hydrated  per-oxide  of  iron  (2Fe203 
+3II2O),  the  two  together  forming  a  complex  double  salt  of  iron 
and  alumina. 

The  two  oxides  occur  in  greater  or  less  quantities  in  all  Indiana 
clays  and  serve  both  as  coloring  agents  and  as  fluxes.  They  have 
much  to  do  with  the  colors  of  clays,  both  in  the  raw  and  burned 
state,  for  iron  is  one  of  the  great  coloring  agents  in  nature.  Com- 
pounds of  iron  cause  the  green  color  of  grass  and  leaves,  the 
bright  red  color  of  the  blood  of  animals,  and  the  darker  red  of 
some  soils,  clays  and  sandstones.  Ferrous  oxide,  the  more  com- 
mon of  the  two,  is  found  in  all  drift  and  alluvial  clays,  especially 
those  of  a  bluish  or  greenish-blue  color.  When  such  clays  are 
burned  the  ferrous  oxide  is  changed  to  a  ferric  oxide,  which  is 
brownish  red,  and  the  wares  become  the  same  color. 

Experience,  time  and  again,  has  proven  that  no  one  can  tell  by 
looking  at  a  clay,  or  even  by  analyzing  it,  what  color  will  be  pro- 
duced in  it  by  heat.  In  general,  however,  it  may  be  stated  that 
the  finer  the  particles  of  these  oxides  are,  and  the  more  evenly 
they  are  disseminated  through  the  clay,  the  more  uniform  and  cer- 
tain will  be  the  color.  For  tliis  reason  chemists  believe  that  the 
complex  double  salt  of  iron  and  alumina,  mentioned  above,  has 
much  to  do  with  the  ultimate  color  of  burned  clays  as,  of  necessity, 
the  iron  oxide  in  this  is  more  thoroughly  and  evenly  distributed 
throughout  the  raw  material.  If  the  oxides  occur  f'ree  in  small 
grains  or  nodules,  a  chemical  change  will  be  caused  in  them  by 
heat,  and  they  will  be  apt  to  form  black  specks,  scattered  irregu- 
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larly  through  the  body  of  the  ware  instead  of  coloring  it  evenly 
throughout. 

The  color  to  which  a  clay  burns  is,  moreover,  determined  to  a 
large  extent  by  the  kind  of  heat  to  which  it  is  subjected  in  the 
kilns.  When  a  clay  fairly  rich  in  iron  is  exposed  to  an  oxidizing 
fire  in  burning,  the  iron  invariably  tends  to  color  the  material  red^ 
and  the  depth  of  this  color  increases  with  the  amount  of  iron  pres- 
ent. If,  however,  the  clay  is  exposed  to  a  reducing  action  in  burn- 
ing, which  is  the  case  when  an  insufficient  quantity  of  air  enters 
the  kiln,  then  the  color,  instead  of  being  red  will  be  a  bluish 
black.  The  same  color  is  also  produced  if  even  in  an  oxidizing  fire 
the  clay*i8  carried  to  a  condition  of  viscosity,  in  which  state  a  dis- 
association  of  the  iron  compound  takes  place,  the  ferric  oxide 
being  reduced  to  the  ferrous  condition.  The  amount  of  ferric 
oxide  permissible  or  desirable  in  a  clay  depends  upon  the  use  to 
which  it  is  to  be  put.  Thus  kaolins,  which  are  to  be  utilized  for 
making  china,  should  have  under  one  per  cent.,  if  possible,  while 
brick  shales  or  pottery  clays,  on  the  other  hand,  should  have  four 
or  five  per  cent,  of  the  same  material  in  order  to  produce  the  good 
red  coloration. 

Besides  imparting  a  color  to  clay  products,  the  oxides  of  iron 
act  as  fluxes.  Especially  is  this  true  where  from  5  to  15  per 
cent,  of  these  oxides  are  present,  as  in  many  of  the  shales  and 
drift  clays.  Such  clays  fuse  at  much  lower  temperatures  than 
others  which  are  similar  in  every  respect,  except  in  the  percentage 
of  iron  oxides. 

PyriteSy  or  iron  sulphide  (FeSg),  is  probably  the  most  hannful 
of  all  the  compounds  of  iron  occurring  in  clays.  It  is  usually  in 
the  form  of  glittering  yellow  metallic  particles  or  grains,  often 
of  cubical  shape,  or  in  concretionary  ball-like  masses,  one  to  three 
inches  in  diameter,  and  having  the  surface  oxidized  into  a  brown- 
ish shell.  These  are  popularly  known  as  "sulphur  balls,"  and  are 
found  in  some  of  the  shale  deposits  of  the  Indiana  Coal  Measures ; 
but  owing  to  their  size  are  easily  extracted.  When  present  in  any 
quantity,  pyrites  causes  the  clay  constituents  to  fuse  at  a  tempera- 
ture much  below  that  at  which  the  proper  vitrification  takes  place. 
In  burning,  it  also  unites  with  the  steam  driven  off  from  the  clay 
to  form  sulphuric  acid,  which  may  make  the  ware  poor.  If  pres- 
ent in  small  grains  or  lumps  and  these  are  not  crushed  or  removed 
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in  the  preparation  of  the  clay,  they  are  liable  to  swell  during  the 
burning  and  split  off  pieces  of  the  ware. 

Sulphate  of  iron,  or  copperas  (FeS04)  is  often  produced  in  clay 
deposits  containing  pyrites  by  the  oxidation  of  the  latter.  Its 
presence  may  be  known  by  the  astringent,  inky  taste  which  it  im- 
parts to  the  clay,  and  usually  by  the  presence  of  a  white  efflores- 
cence upon  the  surface.  Like  the  pyrites,  it  is  a  very  damaging 
constituent,  rendering  the  clay  in  which  it  is  found  in  any  quan- 
tity, comparatively  worthless. 

Iron  carbonate,  or  siderite  (FeCOa),  is  also  a  quite  common 
mineral  in  the  shale  beds  of  the  Indiana  Coal  Measures.  It  is 
usually  found  in  the  form  of  kidney-shaped  nodules,  which  con- 
tain more  or  less  clayey  matter,  and  are  known  as  iron  kidneys 
or  clay  ironstone.  They  Vary  much  in  size,  and  often  occur  in 
layers  at  regular  intervals  apart,  making  it  easy  for  tlie  clay 
miner  to  separate  them.  If  too  large  a  proportion  of  them  are 
ground  up  with  the  shale  they  increase  too  highly  the  percentage 
of  iron,  and  so  reduce  the  fusing  temperature.  Otherwise  they 
are  comparatively  harmless,  as  under  the  influence  of  heat  the 
carbonate  is  decomposed  into  ferrous  oxide  and  the  gaseous  car- 
bon-dioxide (FeC03=FeO+C02). 

Lime  and  Magnesia. — Some  residual  and  almost  all  sedimen- 
tary clays  contain  lime  or  magnesia,  one  or  both,  in  small  but  per- 
sistent quantities.  The  best  clays  contain  less  than  two  per  cent, 
of  these  substances — though  for  some  purposes  clays  containing 
as  high  as  25  per  cent,  of  lime  may  be  utilized.  When  present, 
lime  and  magnesia  usually  occur  either  as  silicates  or  carbonates 
— more  commonly  the  latter.  The  presence  of  carbonate  of  lime 
can  be  detected  by  the  effervescence  produced  when  a  drop  of 
muriatic  acid  is  put  on  the  clay,  and  dolomite  (carbonate  of  mag- 
nesia) shows  itself  by  acting  similarly  when  hot  acid  is  dropped 
on  the  rock.  Like  the  oxides  of  iron  their  degree  of  harmf  ulness 
depends  largely  upon  their  physical  condition.  If  in  fine  par- 
ticles, thoroughly  disseminated  through  the  clay,  they  only  act 
as  fluxes,  and  so  limit  the  use  of  the  clay  to  the  making  of  certain 
products.  Lime,  however,  more  commonly  occurs  in  the  drift 
clays  or  till,  in  the  form  of  small  grains  or  pebbles  of  the  car- 
bonate. Unless  these  can  be  removed  or  ground  to  powder  by 
a  crusher,  the  clays  containing  them  are  practically  worthless.    If 
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burned  with  the  clay  each  lime  pebble  loses  carbon-dioxide  and  is 
changed  from  a  carbonate  to  an  oxide  or  "quick-lime."  This  has 
great  attraction  for  water,  and  when  exposed  each  pebble  absorbs 
moisture,  swells  and  bursts  off  a  piece  of  the  ware,  causing  a 
defect  or  shallow  pit  in  its  surface. 

Good  bricks  can  be  made  of  clay  containing  20  per  cent,  or 
more  of  carbonate  of  lime,  provided  it  is  in  a  finely  divided  con- 
dition. If  in  such  clays  the  lime  present  is  in  excess  of  the  iron 
it  combines  with  the  oxides  of  iron  and  with  some  of  the  sand 
to  form  a  light  colored,  double  silicate  of  iron  and  lime.  For  this 
reason  many  of  the  alluvial  and  marly  clays  in  northwestern  Indi- 
ana— especially  those  near  Hobart,  Michigan  City  and  South 
Bend — ^although  rich  in  iron  oxide,  produce  whitish  or  cream 
colored  instead  of  red  products.  These  clays  are  not,  however, 
suitable  for  the  making  of  paving  brick,  sewer  pipe  or  stoneware 
as  the  points  of  incipient  fusion  and  viscosity  are  so  near  together 
that  they  would  melt  down  before  vitrification  took  plr,*  e.  Such 
clays  can  be  used  in  the  manufacture  of  Portland  cement,  as  the 
lime  present  would  in  no  way  affect  their  usefulness  for  that 
purpose. 

Alkalies. — ^These  include  potash  and  soda,  two  of  the  most 
powerful  fluxes  known,  which  are  present  in  nearly  all  clays. 
They  often  occur  as  a  constituent  of  undecomposed  feldspar 
grains  which  the  clay  may  contain,  or  in  some  cases  the  potash 
may  come  from  mica,  whose  tiny  glistening  scales  are  easily  dis- 
cernible when  present.  They  melt  at  a  lower  temperature  and 
unite  more  readily  with  the  clay-base  than  do  iron,  lime  or  mag- 
nesia. Their  amount  is  not  large,  being,  on  an  average,  but  two 
to  four  per  cent.,  but  in  fusing  power  this  is  equal  to  more  than 
double  that  percentage  of  the  fluxes  previously  mentioned.  Their 
presence  in  any  quantity  in  clays  desired  for  refractory  purposes 
is,  therefore,  most  pernicious.  On  the  other  hand,  where  vitrified 
products  are  to  be  made,  it  is  better  that  some  of  these  alkalies 
be  present,  that  they  may  cause  the  clay  constituents  to  begin  to 
fuse  and  combine  at  the  proper  temperature.  When  the  ware  is 
raised  to  a  temperature  sufficient  to  melt  the  potash,  iron,  lime, 
etc.,  these  fluxes  fuse  with  the  silica  and  give  to  the  ware  that 
dense,  tough,  non-porous  condition  characteristic  of  all  so-called 
"vitrified"  products. 
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The  analyses  of  ten  shales  from  Ohio  and  six  from  Indiana, 
which  are  used  in  the  manufacture  of  vitrified  brick  or  sewer 
pipe,  show  an  average  composition  of  about  13  per  cent,  of  all 
fluxes  and  84  per  cent,  of  kaolinite  and  sand.  Probably  from  8  to 
10  per  cent,  of  the  fluxes  would  serve  all  necessary  purposes,  but 
a  less  proportion  would  leave  the  material  unvitrified  and  porous, 
and  therefore  of  too  absorbant  a  nature  for  use.  As  potash  and 
soda  are  the  most  powerful  fluxes  known,  five  or  six  per  cent, 
of  them  are  equal  to  from  eight  to  ten  per  cent,  of  a  mixture  of 
all  the  fluxes  usually  found  in  clays.  Hence,  it  is  better  that  no 
more  than  two  or  three  per  cent,  of  both  be  present  in  those  clays 
in  which  vitrification  is  desired  and  in  which  the  other  fluxes 
occur.  As  a  rule,  the  carboniferous  shales  now  being  used  for 
making  paving  brick  contain  from  two  and  a  half  to  three  per 
cent,  of  potash  and  less  than  one  per  cent,  of  soda. 

Titanic  Acid. — This  mineral  is  found  in  most  Indiana  shales 
and  under-clays,  but,  as  far  as  known,  it  has  no  effect  either  as  a 
coloring  or  a  fusing  agent.  It  usually  occurs  in  the  form  of  small 
brownish  black  grains  of  irregular  shape,  which  are  supposed  to 
be  a  compound  of  iron  and  titanium.  Like  silica,  its  presence  is 
not  thought  to  be  detrimental  to  the  clays  in  which  it  is  found. 

Organic  Matter. — This  is  often  found  in  clays  and  shales, 
especially  in  those  of  the  Coal  Measures.  It  usually  occurs  in 
the  form  of  very  finely  divided  plant  tissue  or  larger  portions  of 
plants  or  leaves  whieh  have  settled  in  the  material  during  its 
deposition.  If  in  quantity,  it  affects  not  only  the  color  of  the 
clay,  but  possibly  its  plasticity,  and  no  doubt  its  absorbtive 
power.  When  in  a  very  fine  state  of  division  it  is  much  less  harm- 
ful than  if  in  grains  of  any  size.  If  in  the  latter  condition  it  is 
apt  to  leave  the  ware  more  porous  than  it  should  be,  especially 
if  vitrification  is  to  follow.  It  is  usually  readily  combustible  and 
is  burned  out  at  a  temperature  much  below  that  of  the  fusing 
point.  Many  of  the  dark  colored  shales  which  lie  immediately 
above  the  seams  of  coal  contain  too  much  such  matter  to  allow 
them  to  be  put  to  any  use. 

Water  in  Clay. — "Clays  contain  two  kinds  of  water,  namely,  . 
hygroscopic  moisture  and  chemically  combined  water.     Moisture 
is  the  water  mechanically  mixed  with  the  clay  grains,  and  in  clays 
freshly  taken  from  the  bank  is  often  as  high  as  30  or  40  per 
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cent.  Shales  contain  but  a  small  percentage  of  moisture.  The 
air  drying  usually  causes  the  evaporation  of  most  of  the  mechani- 
cally combined  water,  and  its  expulsion  is  accompanied  by  a 
shrinkage  of  the  mass.  It  ceases,  however,  before  all  the  mois- 
ture has  passed  off,  for  the  reason  that  the  shrinkage  stops  when 
the  particles  have  all  come  into  contact  with  one  another,  but 
there  still  remain  in  the  mass  pores  which  hold  a  certain  amount 
of  moisture  that  is  not  driven  off  until  the  early  stages  of  burn- 
ing. Moisture  may  exert  a  very  injurious  effect  on  clays,  in  that 
it  tends  to  dissolve  the  soluble  salts  which  they  sometimes  contain, 
and  to  bring  them  to  the  surface  during  air  drying,  thus  forming 
a  scum  or  efflorescence.  If  driven  off  too  fast  during  the  early 
stages  of  the  burning  a  blistering  of  the  ware  may  follow. 

"Combined  water  is  present  in  every  clay,  there  being  nearly 
14  per  cent.. in  pure  kaolin  and  as  low  as  two  to  three  per  cent, 
in  some  impure  or  sandy  clays.  The  sources  of  combined  water 
in  clays  are  dry  kaolinite,  limonite,  or  hydrated  silicates.  The 
combined  water  is  driven  off  at  a  red  heat,  and  when  this  occurs 
an  additional  shrinkage  of  the  mass  takes  place."* 

Uses  of  Clays. 

No  natural  material  can  be  so  easily  and  cheaply  made  into 
the  finished  product  as  clay.  It  enters  more  largely  into  the 
necessities  of  our  everyday  life  than  does  any  other  mineral  re- 
source, and  the  ultimate  value  of  its  products  are  greater  than 
that  of  any  other,  except  iron.  The  following  are  some  of  the 
uses  to  which  materials  made  of  clay  are  put  in  Indiana  :f 

DoMESTic-^Porcelain  and  china  ware,  white  earthen  ware,  yel- 
low ware,  stone  ware  and  various  other  wares  for  table  service 
and  cooking  use,  fire  kindlers,  majolica  stoves,  polishing  brick, 
bath  brick,  etc. 

Structubal. — ^Brick,  coumion,  front  dry  pressed,  ornamental, 
hollow,  glazed ;  terra  cotta,  roofing  tile,  drain  tile,  glazed  and  en- 
caustic tile,  chinmey  flues,  chimney  pots,  door  knobs,  fire  proof- 
ing, terra  cotta  lumber,  copings,  etc. 


*  17»M.— The  Clays  of  the  U.  S.  east  of  the  Mississippi  River,  1903,  p.  30. 

t  Adapted  ftem  a  table  given  by  R.  T.  Hill,  Vol.  VIII,  Mineral  Resources  of  the  United 
States,  1801, 475. 
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Hygienic. — Urinals,  closet  bowls,  sinks,  wash  tubs,  bath  tubs, 
pitchers,  drain  tiles,  ventilating  flues,  absorbient  brick,  etc. 

Roadways. — Vitrified  brick,  sewer  pipe,  drain  tile,  etc. 

Eefeaotory  Wares. — Gas  retorts,  glass  pots,  fire  brick,  sag- 
gars, blocks  for  tank  furnaces,  crucibles  and  other  assaying  appa- 
ratus, stove  and  furnace  bricks,  cupola  bricks,  floors  of  kilns, 
blocks  for  fire  boxes,  etc. 

Engineering  and  Hydraulic  "Work. — Portland  cement,  rail- 
way ballast,  puddle,  water  conduits,  reservoir  lining,  sewer  pipe, 
etc. 

Ornamental  and  Decorative. — Tiling,  ornamental  pottery, 
terra  cotta  decorations,  artists'  molding  clay,  base  for  pigments 
and  paints;  majolica,  garden  furniture,  etc. 

Miscellaneous  Uses. — Conduits  for  underground  wires,  stone 
pumps,  paper  sizing,  electric  insulators,  fulling  cloth,  scouring 
soap,  chemical  apparatus,  ink  bottles,  ultramarine  manufacture, 
emery  wheels,  playing  marbles,  battery  cups,  pins,  stilts  and  spurs 
for  potters'  use,  shuttle  eyes  and  thread  guides,  smoking  pipes, 
umbrella  stands,  pedestals,  filter  tubes,  caster  wheels,  cosmetics, 
talcum  powder,  food  adulterants,  etc. 

The  above  products,  to  the  value  of  more  than  twenty-five  mil- 
lions of  dollars,  are  annually  used  in  our  State,  while  heretofore 
less  than  seven  millions  of  dollars'  worth  have  been  produced 
within  her  bounds.  Yet,  with  the  exception  of  some  of  the  clays 
used  in  the  making  of  encaustic  tile,  glass  pots,  porcelain  and 
china  wares,  Indiana  contains,  as  I  shall  endeavor  to  show  in  a 
subsequent  section,  the  raw  material  in  abundance  to  manufacture 
every  one  of  the  above  mentioned  articles. 

Very  few  of  the  above  products  are  made  from  one  grade  of 
clay  alone ;  -in  fact,  probably  90  per  cent,  of  the  articles  mentioned 
in  the  above  list  are  molded  of  a  mixture  of  at  least  three  clays, 
and  many  clays  are  used  for  several  purposes.  The  aim  of  the 
manufacturer  in  each  case  is  to  get  a  mixture  of  the  proper 
plasticity,  color-burning  qualities,  shrinkage  and  refractoriness. 
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Section  II.     THE  GEOLOGIC  DISTRIBUTION  OF  THE 

CLAYS  OF  INDIANA. 

The  surface  rocks  of  Indiana  represent  five  great  periods  of 
paleozoic  time.  These,  named  in  the  order  of  their  age,  are  the 
Ordovician  or  Lower  Silurian ;  the  Upper  Silurian ;  the  Devonian ; 
the  Mississippian  or  Lower  Carboniferous  and  the  Carboniferous. 
The  greater  part  of  these  formations  are  hidden  beneath  a  heavy 
mantle  of  glacial  drift  or  till  which  covers  three-fourths  or  more 
of  the  area  of  the  State.  O^er  the  greater  part  of  the  three 
northern  tiers  of  counties  in  the  State  this  drift  is  so  thick  that 
no  outcrop  of  surface  rocks  occurs  even  in  the  valleys  and  deep 
eroded  beds  of  the  streams.*  The  available  clays  of  these  coun- 
ties are  of  necessity,  therefore,  the  '*drif t  clays"  and  their  second- 
ary deposits,  the  "alluvial  clays,"  and  the  "silty"  or  "marly" 
clays.  It  is  only  in  this  deep  drift  covered  section  of  the  State 
that  fresh  water  lakes,  many  of  which  are  now  extinct,  were 
formed.  It  is  only  here,  therefore,  that  the  silty  or  marly  clays 
occur.  These  clays  are  in  places  being  extensively  used  in  the 
making  of -terra  cotta  lumber,  fire  proofing,  and  pressed  front 
brick.  They  are  therefore  becoming  of  much  economic  impor- 
tance, and  the  known  local  deposits  will  be  treated  in  detail  in  a 
subsequent  section. 

A  careful  study  of  the  drift  deposits  of  Indiana  has  proven 
that  there  were  several  distinct  glacial  invasions  of  the  State.  The 
great  ice  sheet  which  was  first  formed  several  times  advanced  and 
as  often — ^by  an  increase  in  the  temperature  of  the  region  which 
it  entered — ^melted  and  receded;  its  retreat  or  recession  being 
each  time  as  gradual  as  its  advance  had  been.  Like  a  great  army 
which  has  attempted  the  invasion  of  a  country  and  has  been  com- 
pelled to  withdraw,  it  would  again  assemble  its  forces  and  start 
in  a  slightly  different  direction.  But  perchance,  before  it  had 
reached  the  limit  of  its  former  invasion,  a  force  of  circumstances 
would  render  a  retreat  necessary.  Its  advancing  margin  was  not 
in  a  straight  line,  but  in  lobes,  or  long,  gradual  curves. 

The  first  invasion  of  Indiana  by  one  of  these  glacial  lobes  was 

*The  ooantifls  so  covered  are  Steuben,  Lagrange,  Elkhart,  St.  Joseph,  Laporte,  Porter i 
Lake,  Starke,  MarshaU,  Kosoiasko,  Noble,  Dekalb,  Allen,  Whitley,  Fulton,  Pulaski  andth* 
greater  part  of  Jasper,  Newton  and  Benton.  See  the  uncolored  part  of  the  large  geological 
map,  accompanying  the  29ch  (1903)  Report  of  this  Department. 


42  BEPOBT    OF    STATE   OB0L0OI8T. 

from  the  elevated  districts  to  the  east  and  south  of  Hudson  Bay. 
It,  in  time,  covered  a  greater  area  of  the  State  than  'any  one  of 
those  which  followed.  When  this  glacier  had  assumed  its  maxi- 
mum size,  its  southern  or  front  edge  extended  across  the  north- 
western corner  of  Pennsylvania  and  central  Ohio  to  a  point  a 
little  southeast  of  Cincinnati,  where  it  crossed  the  Ohio  River 
into  Kentucky.  Passing  through  Campbell,  Kenton  apd  Boone 
counties  on  a  line  nearly  parallel  with  the  Ohio  Kiver,  and  some 
five  to  eight  miles  south  of  that  stream,  it  entered  Dearborn 
County,  Indiana,  a  little  below  Aurora,  whence  it  passed  in  a 
southwesterly  direction  through  Ohio  and  Switzerland  counties 
and  crossed  into  Trimble  County,  Kentucky.  Here  it  turned  more 
to  the  west,  recrossed  the  Ohio  into  Clark  County,  and  reached 
its  southernmost  point  in  this  portion  of  the  State  near  Charles- 
town.  From  here  it  bore  to  the  north  through  Scott  and  eastern 
Jackson  counties,  and  then  followed  approximately  the  line  shown 
on  the  accompanying  map  until  it  entered  Illinois.  Since  this  first 
or  oldest  glacier  covered  most  of  the  latter  State,  the  name 
"lUinoian"  has  been  given  to  the  drift  material  which  it  brought 
down.  The  terms  "older  glacier"  and  "older  drift"  are  sometimes 
also  used  when  referring  to  it  and  its  deposits.  It  is  probable 
that  the  margin  of  this  first  ice  sheet  occupied  only  a  portion  of 
the  glacial  boundary,  as  shown  in  Indiana,  at  any  one  time. 

After  reaching  the  line  marked  on  the  map  as  the  "Approxi- 
mate Glacial  Boundary,"  the  ice  of  this  first  glacial  invasion 
melted  away  and  left  its  drift,  composed  of  a  motley  mass  of 
materials,  exposed  to  the  agencies  of  water,  wind  and  frost. 
What  is  known  as  the  "First  Interglacial  Interval  then  ensued, 
during  which  a  vegetation  arose  on  the  surface  of  the  lUinoian 
drift  and  for  a  long  period  flourished  and  decayed,  in  the  manner 
as  does  the  vegetation  of  our  present  surface.  As  a  result  a  black 
mold  or  soil  was  gradually  formed,  which  is  now  concealed  be- 
neath deposits  of  silt  called  "loess"  in  southwestern  Indiana,  and 
beneath  the  drift  of  later  glacial  invasions  in  the  northern  part 
of  the  State.  How  long  this  "interval"  lasted  no  one  knows,  but 
evidently  hundreds  of  years,  as  shown  by  the  thickness  of  the  soil 
mentioned  and  by  other  evidence  which  the  geologist  can  take 
into  account. 

A  "Second  Glacial  Epoch"  or  invasion  then  occurred,  during 
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which  the  ice  brought  down  much  thicker  deposits  of  drift  than 
in  the  first.  At  many  points  east  of  Indiana  this  second  glacier 
extended  much  farther  south  than  the  first,  but  in  this  State  its 
Southern  border  only  reached  the  dotted  line  shown  on  the  map 


Fig.  1.    Map  showing  the  Approximi^  Glacial  Boundaries  in  Indiana. 
(From  "Studies  in  Indiana  Geographj/'  p.  28.) 

and  named  by  Professor  Chamberlain,  the  "Wisconsin  Boun- 
dary/' because  this  glacier  invaded  the  drif tless  area  of  that  State 
farther  than  any  other.  Of  the  drift  in  Indiana  brought  down 
by  this  second  glacial  invasion,  Professor  Chamberlain  has  writ- 
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ten  in  part  as  follows :  "The  border  of  the  ^newer  drift/  slightly 
ridged,  may  be  traced  diagonally  across  the  northeastern  part  of 
Montgomery  County,  the  center  of  Hendricks,  the  northeast  cor- 
ner of  Morgan,  the  southwest  portion  of  Johnson,  striking  the 
basin  of  the  East  White  Eiver  near  Edinburg.  On  encountering 
this  basin  the  newer  drift  border  comes  in  association  with  the 
remarkable  fluvial  phenomena  of  "OoUett's  Glacial  Kiver."  This 
was  one  of  the  great  avenues  of  discharge  from  the  ice  border, 
and  has  left  its  record  in  broad  belts  of  gravel  gathering  into  a 
great  trunk  stream.  The  edge  of  the  newer  drift  sheet  is  inter- 
rupted and  obscured  by  these  fluvial  deposits,  but  it  seems  to  have 
formed  a  lobe,  reaching  down  the  basin  into  Jennings  County, 
the  glacial  river  lying  on  its  western  border.  The  eastern  edge 
of  the  loop  runs  north  diagonally  across  Decatur  County,  the 
southeastern  portion  of  Rush,  the  northwestern  part  of  Fayette, 
and  of  Wayne,  in  the  northern  portion  of  which,  and  the  southern 
part  of  Randolph,  it  recurves  to  the  southeast  to  form  the  Great 
Miami  Loop  in  Ohio."* 

The  drift  clays  form  a  very  large,  percentage  of  the  morainic 
material  or  till  which  was  dropped  where  it  now  lies  by  the  melt- 
ing of  one  or  more  of  these  great  ice  sheets  or  glaciers  which 
invaded  Indiana.  The  clays  and  other  components  of  the  later 
or  Wisconsin  drift  can  generally  be  readily  distinguished  from 
those  of  the  earlier  or  lUinoian  sheet  by  their  softness  and  fresher 
appearance.  In  sinking  wells,  it  is  easy  to  excavate  with  a  spade 
the  clay  and  other  material  of  the  newer  drift,  while  picks  and 
sometimes  explosives  must  be  used  in  the  older.  The  hardness 
of  the  older  till  sheet  is  largely  due  to  the  forming  of  a  crude 
natural  cement  by  the  clay  and  carbonate  of  lime. 

In  the  counties  covered  by  the  Wisconsin  drift  the  clay  imme- 
diately below  the  soil  is  usually  buff  to  reddish  yellow  in  color, 
the  hue  being  due  largely  to  the  free  action  of  the  oxygen  of  the 
air  on  the  oxides  of  iron  present  in  the  clay.  At  a  depth  of  five  to 
fifteen  feet  from  the  surface  this  usually  merges  gradually  into 
a  grayish  blue  compact  clay.  This  has  nearly  the  same  chemical 
composition  as  the  upper  deposit  but  has  been  less  affected  by 
oxygen. 

*"The  TeriqiDa)  MoraiOQ  of  tbo  SQCond  OUoial  Epoch,"  in  Third  Ann.  Rep.  U.  S.  Geol. 
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In  the  area  covered  only  by  the  first  or  Illinoian  glacier  the 
yellow  clay  is  not  so  common.  The  materials  of  the  surface  clay 
of  this  area  were  derived  from  a  different  source  and  the  clay 
was  more  '^sticky"  or  of  a  tough  plastic  nature,  ne*arly  impervious 
to  water.  Blue  gray  in  color  when  first  deposited  it  has,  by  weath- 
ering, been  leached  to  a  gray  white  and  forms  the  so-called  "white 
clay^'  soils  of  southeastern  Indiana.  Wherever  these  soils  occur, 
the  clay  beneath  them  is  harder  than  at  corresponding  depths  in 
the  newer  drift. 

The  Obdovioian  or  Lower  Silurian. — ^The  rocks  of  this  period 
are  the  oldest  in  the  State  and  come  to  the  surface  only  in  its 
southeastern  comer,  where  they  comprise  the  surface  of  all  or 
a  part  of  the  following  counties :  Wayne,  Union,  Fayette,  Frank- 
lin, Dearborn,  Eipley,  Ohio,  Switzerland  and  Jefferson.  While 
the  drift  covers  all  of  this  area,  it  is  everywhere  quite  thin  and 
in  the  valleys  and  the  beds  of  the  streams  the  surface  rocks  are 
exposed.  These  exposed  rocks  belong,  for  the  most  part,  to  the 
Hudson  River  epoch,  and  consist  chiefly  of  blue  calcareous  shales 
interbedded  with  a  highly  fossiliferous  limestone.  The  clay  from 
these  shales,  when  weathered,  becomes  very  soft  and  plastic,  but 
on  account  of  the  high  percentage  -of  lime  and  particles  of  sand 
which  it  holds,  is  worthless  for  manufacturing  purposes.  The 
drift  and  alluvial  clays  of  the  area  are  utilized  in  a  number  of 
localities  for  ordinary  brick  and  drain  tile,  but  only  for  local  use, 
as  they  are  in  general  of  inferior  quality.  On  the  whole,  the 
Ordovician  area  of  tlje  State  may  be  said  to.  offer  but  limited 
attractions  to  clay  manufacturers. 

The  Upper  Silurian. — ^To  this  geologic  period  belong  the  sur- 
face rocks  of  a  large  area  of  eastern  and  north-central  Indiana, 
comprising  part  or  all  of  the  following  counties:  White,  Cass, 
Miami,  Wabash,  Huntington,  Wells,  Adams,  Jay,  Blackford, 
Grant,  Howard,  Tipton,  Madison,  Delaware,  Randolph,  Wayne, 
Henry,  Hancock,  Hamilton,  Rush,  Fayette,  Decatur,  Ripley, 
Jennings  and  Jefferson. 

The  Niagara  limestone,  the  leading  formation  of  this  Upper 
Silurian  period,  comprises  in  places  in  its  basal  third  some  beds 
of  bluish  green  shales  and  clays*  which  vary  in  total  thickness 

*Not»bly  the  Oigood  and  Waldron  cUyi  of  Focrste,  forlan  account  of  which  see  the  22d, 
24t1i  »nd  nth  reporti  of  this  Department.  * 
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from  two  to  20  feet.    They  contain,  however,  too  much  lime  and 
magnesia  to  be  used  for  clay  products. 

The  only  commercial  clays  of  any  value  in  the  entire  Upper 
Silurian  area  <^f  the  State  are,  therefore,  derived  from  the  drift 
and  ^alluvium.  The  drift  clays  occur  throughout  the  area  and  are 
used  on  a  large  scale  at  Marion,  Muncie  and  Anderson  in  the 
making  of  ordinary  brick  and  at  Summittville  in  the  making  of  a 
partly  vitrified  drain  tile.  At  numerous  other  points  in  the  area 
ordinary  brick  and  tile  yards  of  smaller  size  are  in  operation. 
At  few  places,  however,  can  the  drift  clays  be  used  to  a  greater 
depth  than  three  feet,  as  they  usually  contain,  below  that  depth, 
too  many  lime  pebbles  and  other  foreign  impurities.  A  factory 
of  any  size  must,  therefore,  control  a  large  area  of  surf  ace  in 
order  to  possess  raw  material  sufficient  for  any  length  of  time. 

The  Devonian. — The  rocks  of  this  period  form  the  surface  of 
a  great  area,  extending  northwest  and  southeast  through  the 
central  part  of  the  State,  but  offer  little  of  promise  to  the  clay 
worker.  They  outcrop  or  are  known  to  occur  beneath  the  surface 
in  Clark,  Scott,  Jefferson,  Jennings,  Jackson,  Bartholomew,  De- 
catur, Eush,  Shelby,  Johnson,  Marion,  Hancock,  Hamilton, 
Boone,  Clinton,  Tipton,  Carroll,  Cass,  Tippecanoe,  White  and 
Jasper  counties.  Thick  beds  of  the  brown  t6  black  New  Albany 
or  Genesee  shale  cover  a  strip  six  to  18  miles  wide  in  the  western 
part  of  this  area,  but  they  everywhere  contain  too  high  a  per- 
centage of  bituminous  matter  to  bum  into  clay  products. 

The  entire  Devonian  area,  except  a  small  portion  of  Clark  and 
Scott  counties,  is  drift  covered,  and  tho  surface  drift  and  alluvial 
clays  are,  in  numerous  places,  utilized  for  ordinary  brick  and 
drain  tile  making.  Otherwise  the  Devonian  area  in  the  counties 
mentioned  contains  no  clay  deposits  of  value. 

The  Mississippian  or  Lower  Carboniferous. — The  epochs  of 
this  geologic  period  as  represented  in  the  Indiana  rocks  are  the 
(loniatite  Limestone,  the  Knobstone  Shale,  the  Harrodsburgh, 
Bedford  and  Mitchell  Limestones,  and  the  Huron  Limestones  and 
Sandstones.  They  form  the  surface  rocks  over  a  strip  of  territory 
40  miles  or  more  in  width,  lying  between  the  western  edge  of 
the  Devonian  and  the  eastern  edge  of  the  Carboniferous  rocks, 
and  extending  from  the  Ohio  River  in  a  northwesterly  direction 
to  the  Illinois  line  in  Benton  and  Newton  counties.     The  follow- 
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ing  counties,  therefore,  lie  either  partly  or  wholly  within  this 
Lower  Carboniferous  area:  Benton,  Warren,  Tippecanoe,  Foun- 
tain, Montgomery,  Boone,  Hendricks,  Putnam,  Owen,  Morgan, 
Johnson,  Bartholomew,  Brown,  Monroe,  Greene,  Lawrence,  Jack- 
son, Scott,  Washington,  Orange,  Crawford,  Perry,  Harrison, 
Floyd  and  Clark. 

The  area  embraces  the  greater  part  of  the  driftless  region  of 
the  State,  in  which  occur  the  residual  surface  clays,  derived 
mainly  from  the  decay  of  the  underlying  limestone  or  sandstone 
rocks.  Where  formed  from  the  limestone,  these  residual  clays 
are  usually  a  deep  red  color,  due  to  the  presence  of  a  high  per- 
centage of  iron  oxide,  but,  nevertheless,  are  often  well  adapted  to 
making  brick  and  tile.  Although  derived  from  calcareous  forma- 
tions, the  weathering  leaches  out  most  of  the  lime  carbonate. 
They  often  contain  small  angular  pieces  of  the  parent  limestone 
which  increase  in  number  and  size  as  the  parent  rock  is  ap- 
proached.. The  depth  of  these  residual  deposits  varies  with  the 
depth  to  which  the  weathering  has  penetrated  the  parent  rock 
and  also  with  the  surface  slope  on  which  the  clay  has  been 
formed.  On  steep  slopes  these  clays  seldom  show  great  thickness, 
since  they  are  easily  washed  away,  but  in  valleys  and  on  flat  sur- 
faces their  thickness  may  be  great. 

In  the  Lower  Carboniferous  area  these  surface  residual  clays 
occur  over  all  of  Monroe,  Lawrence,  Orange,  Harrison  and  Floyd 
counties,  and  over  the  western  halves  of  Brown,  Jackson  and 
Washington  and  the  eastern  halves  of  Greene,  Martin,  Perry  and 
Crawford  counties.  Most  of  the  brick  and  drain  tile  manufac- 
tured in  the  counties  mentioned  are  made  of  such  clays,  and  at 
Bedford  it  is  the  intention  to  use  them,  in  part,  as  the  clay  in- 
gredient of  Portland  cement  at  the  factory  of  the  United  States 
Portland  Cement  Company.  The  surface  clays  of  the  remaining 
portion  of  the  Lower  Carboniferous  area  are  either  drift  or  allu- 
vial clays,  which  are  used  in  many  localities  for  brick  and  tile 
manufacture. 

Knohstone  Shales. — Aside  from  the  surface  clays  above  men- 
tioned, the  only  clays  of  economic  importance  occurring  in  the 
Low6r  Carboniferous  area  are  the  shales  of  the  Knobstone  epoch. 
These  shales  have,  as  yet,  received  but  little  attention  from  clay 
manufacturers,  but  they  are  destined  to  become — ^next  to  the 
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shales  and  under-clays  of  the  Coal  Measures — the  most  important 
commercial  clays  of  the  State. 

Edward  Orton^  Sr.,  in  a  paper  on  "The  Clays  of  Ohio,  Their 
Origin,  Composition  and  Varieties,"*  speaks  of  the.  division  of 
the  Waverly  shales  of  that  state  which  correspond  to  the  Knob- 
stone  shale  of  Indiana  "as  a  great  stratum  160  to  460  feet  in 
thickness,  consisting  of  light  colored  blue  or  gray  shales  which 
have  unlimited  possibilities  of  service  in  the  practical  way,  but 
which  have  been  almost  completely  ignored  thus  far.  Their  day,- 
however,  is  sure  to  come.  Their  adaptation  to  paving  block  manu- 
facture in  particular  will  be  recognized  and  it  will  bjB  at  once 
shown,  as  soon  as  it  is  used,  that  no  better  material  for  this  pur- 
pose is  found  in  our  entire  series  than  this  shale  can  supply." 

The  Knobtone  group  forms  the  surface  rock  of  a  strip  of  terri- 
tory on  the  eastern  side  of  the  Lower  Carboniferous  area,  three 
to  38  miles  in  width,  extending  from  the  Ohio  Kiver  southwest 
of  New  Albany  in  a  west  of  north  direction  to  a  point  a  few  miles 
south  of,  Rensselaer,  Jasper  County.  The  group  reaches  a  maxi- 
mum thickness  of  650  feet  at  Bloomington,  near  the  center  of  the 
State.  At  St.  Joseph,  in  Floyd  County,  it  is  550  feet;  at  Eock- 
ville,  Parke  County,  it  is  530  feet,  while  near  New  Albany,  in  the 
southern  part  of  the  State,  it  is  471  feet  in  thickness.  Over  much 
of  the  northern  part  of  this  area  the  Knobstone  is  in  most  places 
covered  by  a  heavy  mantle  of  glacial  debris,  its  outcrops  being 
exposed  only  along  the  stream  valleys.  Where  the  strata  are 
cut  through  by  the  larger  streams,  bluffs  are  often  formed.  Such 
bluffs  ares, to  be  seen  along  West  White  Eiver  about  Martinsville; 
along  Sugar  Creek  above  and  below  Crawfordsville,  and  along 
Shawnee  Creek  south  of  Attica.  At  all  of  these  localities  are 
excellent  exposures  of  the  Knobstone  strata*  Deep  wel^  and 
bores  have  also  proven  it  to  be  the  surface  rock  below  the  drift 
in  many  places,  where  exposures  are  absent.  Its  outcrops  are 
known  to  occur  in  the  following  counties:  Harrison,  Floyd, 
Clark,  Washington,  Scott,  Jackson,  Lawrence,  Monroe,  Brown, 
Bartholomew,  Johnson,  Morgan,  Owen,  Putnam,  Hendricks, 
Marion,  Boone,  Montgomery^  Clinton,  Tippecanoe,  Fountain, 
Warren,  White,  Benton  and  Jasper. 

The  Knobstone  group  was  so  named  as  early  as  1837,  by  D.  D. 

*  Geol.  Surr.  of  Ohio,  VII,  1893, 58. 
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Owen,  because  of  the  peculiar  conical  hills  or  knohs  which  occur 
over  its  weathered  outcrops.*  The  name  "New  Providence 
shale"  was  also  given,  by  Borden,  in  1873f  to  the  soft  greenish 
or  bluish  shales  forming  the  base  of  the  Knobstone  in  the  vicinity 
of  New  Albany  and  New  Providence.  Of  it  he  wrote  as  follows : 
''This  shale  lies  at  the  base  of  the  Knobs  and  has  a  thickness  from 
80  to  120  feet.  As  you  follow  the  line  of  the  Knobs  to  the  north- 
west it  becomes  thinner.  It  is  a  fine  greenish  colored  shale  that 
pulverizes  when  dry  without  difficulty." 

In  general  the  rocks  of  the  Knobstone  consist  of  blue  gray 
shales,  shaly  sandstone,  sandstone  and  rarely  a  little  limestone. 
In  central  and  southern  Indiana,  where  they  are  best  developed, 
the  group  is  divided  by  Newsom  into  (1)  the  New  Providence 
shale  at  the  base,  overlain  by  (2)  the  Upper  Knobstone  shale  and 
(3)  the  Knobstone  sandstone.  There  is  considerable  variation 
locally  in  the  relative  percentage  of  sandstone  and  shale,  with  the 
shales  prevailing  at  the  base  of  the  group  and  sandstone  at  the 
top.  The  color  is  prevailingly  bluish  gray  to  greenish  gray,*  chang- 
ing to  buff  on  the  much  weathered  exposure. 

Many  nodules  of  siderite  or  iron  carbonate  of  considerable  size 
are  found  in  the  knob  shales,  and  these  sometimes  occur  thickly 
strewn  over  the  surface.  Their  manufacture  into  iron  has  been 
advocated  at  one  time  and  another,  but  they  do  not  occur  in  suffi- 
cient quantity  at  any  place  to  be  valuable  for  that j)urpose.  When 
these  siderite  concretions  are  broken  up  and  worn  into  creek 
gravels,  however,  they  make  an  excellent  road  metal,  for  which 
purpose  they  are  used  in  Floyd,  Jackson,  and  other  counties  of 
the  area. 

"The  three  divisions  of  the  Knobstone  group,  as  outlined  above, 
can  be  best  recognized  in  the  extreme  southern  part  of  the  State, 
where  the  shales  predominate,  and  where  the  entire  group  has 
its  best  development.  Further  north,  however,  in  Jackson, 
Brown  and  Bartholomew  counties,  the  entire  group  is  made  up 
of  alternating  impure  sandstones  and  clay  shales  in  which  the 
sandstones  predominate. 

*' Where  the  Knobstone  strata  outcrop  along  Sugar  Creek,  near 
Crawfordsville,  the  bluish,  massive,  sandy  shales  predominate. 

*  Report  of  a  Geological  ReoonnaiaaDce  of  the  State  of  Indiana,  made  Id  ISST.  p.  21. 
t  Fifth  Annual  Report  Indiana  Geological  Survey,  1673,  p.  161. 
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"The  type  sections  show  the  general  character  and  relations  of 
the  beds  composing  the  Knobstone  group  in  different  parts  of  the 
area  covered  by  that  formation."* 
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Fig.    2.    Three  type  sectiona  of  the  Knobstone  group. 

A.  Section  in  Floyd  County,  just  west  of  St.  Joseph  postofBce. 

B.  Section  oa  the  middle  line  of  Township  3  north. 

C.  Section  on  the  north  line  of  Township  8  north,  adapted  from  Bennett's  cross  section. 

A  noticeable  feature  throughout  the  whole  Knobstone  area, 
where  the  valleys  are  well  developed,  is  that  the  south-sloping 
hillsides  have  much  steeper  slopes  than  the  north-sloping  areas. 
This  difference  is  thought  to  be  caused  by  the  different  tempera- 
ture changes.  Thus  the  hillside  sloping  south  faces  the  winter's 
sun,  which  thaws  it  during  the  day  and  it  freezes  again  at  night. 
It  is  this  constant  freezing  and  thawing  which  weathers  the  shale 
much  more  rapidly  than  on  the  north-facing  hillside,  which  lies 
in  the  shadow  and  is  often  covered  with  snow  for  many  days  and 
weeks,  when  the  sun  and  frost  are  disintegrating  the  south-facing 
hill. 

There  is  some  difference  also  between  the  east  and  west  sides 
of  the  north-south  valleys,  but  it  is  not  so  marked  as  in  the  pre- 
ceding. The  slope  on  the  east  side  receives  the  afternoon  sun, 
which  is  warmer  than  the  morning  sun,  and  hence  the  tendency 
is  to  weather  more  rapidly,  but  the  difference  is  not  so  marked 
as  in  the  east-west  valleys. 

A  characteristic  feature  of  the  weathering  of  the  Knobstone 
on  all  the  cliff  exposures  is  the  exfoliation  or  the  flaking  off  of 
thin  slabs  parallel  with  the  surface  and  independent  of  the  bed- 


*  Neunom.— "The  Knobstone  Group  of  Indiana."    In  Twenty-sixth  Annual  Report  In- 
diana Department  Geology  and  Natural  Reiouroes,  1901,  pp.  260-279. 
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(ling.     These  foliation  planes  are  sometimes  so  pronounced  as  to 
be  mistaken  for  the  bedding  planes. 

There  is  not  the  alternation  of  hard  and  soft  layers  so  common 
in  many  limestone  beds,  and  hence  the  absence  of  rock  terraces 
caused  by  such  alternation.  "While  there  is  a  uniformity  in  the 
relative  hardness  and  weathering  qualities  of  the  different  layers, 
there  are  irregular  patches  and  pockets  of  softer  and  harder 
materials,  so  that  the  weathered  surface  is  sometimes  pitted  by 
the  weathering  out  of  the  softer  spots  and  sometimes  studded 
with  siliceous  concretionary  masses. 

The  New  Providence  shales,  comprising  the  basal  formation, 
wherever  they  occur,  will  be  found  suitable  for.  paving  brick, 
pressed  front  and  ordinary  brick  and  the  clay  ingredient  of  "Port- 
land cement.  When  properly  ground  they  become  plastic  enough 
to  form  a  good  sewer  pipe  clay,  but  when  utilized  for  that  pur^ 
pose  some  difficulty  was  experienced  in  glazing  the  product. 
Otherwise  it  was  of  excellent  quality. 

These  shales  are  already  being  utilized  on  a  large  scale  at  New 
Albany  for  the  making  of' both  ordinary  stiff  mud  and  dry  pressed 
brick.*  At  the  plant  of  the  Hoosier  Brick  Company,  two  miles 
southwest  of  the  city,  these  shales  are  150  feet  thick,  as  proven 
by  the  exposure  in  the  pit  and  a  deep  bore  sunk  for  a  well.  Ac- 
cording to  Newsom,  they  thin  out  to  50  feet  or  less  at  the  south 
side  of  Scott  County,  while  north  of  Township  3  north,  they 
merge  into  the  overlying  "Upper  Knobstone  shale." 

This  upper  shale  consists  of  a  series  of  soft  light  gray  or  green- 
ish shales,  ivhich  vary  in  composition  from  soft  clay  shale  towards 
the  bottom,  to  an  impure,  fine  grained  sandstone  at  the  top.  In 
Township  2  south,  6  east,  this  shale  has  a  thickness  of  200  feet, 
while  in  Township  3  north,  it  has  increased  to  250  feet.  At  Blue 
Lick,  Jackson  County,  this  upper  Knobstone  shale  is  quarried 
in  quantity  and  shipped  to  Mitchell,  where  it  is  used  as  the  clay 
ingredient  of  Portland  cement  at  the  large  factory  of  the  Lehigh 
Portland  Cement  Company.f  There  is  no  apparent  reason  why 
this  same  shale  from  numerous  other  parts  of  the  Knobstone  area 
sho>iild  not  be  used  for  tlie  same  purpose!.   Points  that  would  appar- 

^For  ADalyBia  and  detailed  description  of  the  New  Albany  deposits,  see  "The  Clays  of 
Floyd  County/'  in  another  section. 

tFor  a  full  4iccoant  and  analysis  of  this  deposit  of  shale  see  "The  Clays  of  Jackson 
County*"  on  a  subsequent  page. 
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ently  indicate  an  increased  use  of  the  Knobstone  shale  in  ceraent 
making  are  (1)  its  proximity  to  the  excellent  limestone  beds  over- 
Ijdng  it  and  its  short  distance  from  the  coal  fields ;  (2)  nnif ormity 
in  composition,  and  (3)  ease  of  quarrying  and  preparation.  In 
many  places  the  shale  and  the  limestone  may  be  obtained  from  the 
same  hillside,  but  generally  it  may  be  found  more  desirable  to 
quarry  them  at  different  points  because  the  limestone  imme- 
diately overlying  the  Knobstone  is  generally  not  a  good  limestone 
for  cement  purposes.  The  shales  may  be  a  little  harder  to  pulver- 
ize and  mix  with  the  lime  ingredients  than  the  softer  clays  that 
are  sometimes  used,  but  this  is  more  than  counterbalanced  by 
greater  uniformity  of  composition  and  great  thickness  of  the 
beds. 

That  the  same  shale  is  in  every  way  suitable  for  brick  making 
is  proven  by  the  practical  use  of  it  at  the  large  plant  of  the  Adams 
Brick  Co.,  at  Martinsville,  Morgan  County,  where  40,000  ordi- 
nary soft  mud  brick  are  made  from  it  each  working  day  in  the 
year;  and  at  Crawfordsville,  Montgomery  County,  where  from 
it  the  same  number  of  stiff  mud  paving  blocks  are  made  daily. 
It  is  probable  that  this  upper  Knobstone  shale  will  be  found  too 
"lean"  to  be  made  into  sewer  pipe  and  drain  tile.  By  mixing  two 
parts  of  it  with  one  of  a  more  plastic  clay,  such  as  one  of  the 
under-clays  of  the  Coal  Measures,  it  will,  without  doubt,  make 
the  best  of  such  products. 

In  locating  a  large  factory  for  clay  products  in  any  part  of  the 
Knobstone  area  care  should,  of  course,  be  taken  to  select  a  locality 
where  the  shale  is  not  too  sandy  and  has  the  proper  composition. 
Then  with  a  man  in  charge  who  is  experienced  in  manipulating 
and  burning  clay  wares,  as  good,  if  not  better  products  can  be 
made  from  the  Knobstone  shales  as  from  the  more  widely  known 
carboniferous  shales  which  have  come  into  such  extensive  use  dur- 
ing the  past  decade. 

Carboniferous. — The  rocks  of  this  period  embrace  by  far  the 
greatest  variety  and  the  most  valuable  of  the  clay  deposits  of 
Indiana.  Covering  an  area  of  7,500  square  miles  of  the  western 
and  southwestern  portions  of  the  State,  they  comprise  the  surface 
of  all  of  the  following  14  counties:  Vermillion,  Parke,  Vigo, 
Clay,  Sullivan,  Knox,  Daviess,  Gibson,  Pike,  Dubois,  Posey,  Van- 
derburgh, Warrick  and  Spencer  and,  in  addition,  the  principal 
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part  of  Warren,  Fountain,  Owen,  Greene,  Martin  and  Perry 
counties.  The  Carboniferous  area  of  the  State  thus  has  a  max- 
imum length  north  and  south  of  about  200  miles  and  a  maximum 
width  from  east  to  west  of  about  100  miles,  being  narrow  to  the 
north  and  broac}  to  the  south. 

The  counties  mentioned  comprise  the  newest  part  of  Indiana, 
i.  e.,  it  was  the  last  to  be  raised  above  the  surface  of  the  water 
and  become  dry  land.  The  outcropping  or  underlying  rocks  of 
the  remainder  of  the  State  were  all  deposited  in  salt  water, 
mostly  at  great  depths,  and  were  raised  upward  and  became 
dry  land  thousands  of  years  before  the  coal  and  its  overlying 
shales  were  formed.  They  are,  therefore,  for  the  most  part, 
limestones,  and  the  many  fossils  which  they  contain  are  mostly 
of  marine  animals.  The  rocks  of  the  coal  measures  were  mainly 
deposited  in  fresh  water  and  are,  for  the  most  part,  sandstories 
and  shales.  These  contain  few  fossils  and  they  are  largely  the 
remains  of  such  plants  as  formed  the  coal. 

It  is  most  probable  that  at  the  time  of  the  formation  of  the 
coal  and  its  overlying  shales  and  sandstones  the  area  comprised 
in  the  counties  mentioned,  as  well  as  the  greater  part  of  Illinois 
and  the  western  third  of  Kentucky,  was  a  great  basin  or  depres- 
sion but  little  above  the  level  of  the  sea,  and  surrounded  on  every 
side  except  the  southwestern  by  the  higher  lands  of  the  older 
formations. 

By  successive  alternations  of  upheaval  and  subsidence — carried 
on  through  thousands  of  years — this  depression  was  at  times  an 
area  of  the  southwestern  sea,  again  a  fresh  water  lake,  and  then 
for  a  period,  a  vast  swamp  or  marsh.  When  raised  high  enough 
to  form  a  marsh  a  luxuriant  vegetation  sprang  up  from  the  ooze 
and  mud  at  its  bottom,  flourished  for  centuries — the  newer 
growths  springing  from  between  the  fallen  masses  of  the  older 
as  in  the  peat  bogs  of  today — and  so  formed  a  mighty  mass  of 
carbonaceous  material. 

By  subsidence  the  level  of  the  marsh  was  in  time  lowered  until 
it  became  a  lake  into  which  rivers  from  the  surrounding  high- 
lands flowed,  bearing  with  them  millions  of  tons  of  clayey  sedi- 
ment and  disintegrated  quartz,  the  remains  of  the  older  decayed 
rocks.  This  sediment  was  spread  out  over  the  mass  of  submerged 
vegetation,  compressing  it  into  the  hard,  mineral  coal ;  the  clayey 
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sediment  itself  being  in  time  compressed  into  vast  beds  o£  shahy 
and  the  particles  of  quartz  into  sandstone.  In  some  places  a  more 
prolonged  subsidence  took  place,  sinking  the  floor  of  the  lake 
below  the  level  of  the  sea,  and  allowing  the  waters  of  the  latter, 
with  their  iaccompanying  marine  forms  of  life,  to  flow  in.  In 
time  beds  of  limestone  were  then  formed  over  those  of  the  shale 
or  sandstone,  but  none  of  these  cover  an  extensive  area  or  are 
of  great  thickness. 

After  each  subsidence,  with  its  resulting  beds  of  coal,  shale 
and  sandstone  or  limestone,  had  taken  place,  an  upheaval  fol- 
lowed. The  floor  of  the  sea  or  lake  was  again  raised  so  near 
the  surface  that  the  semi-aquatic  vegetation  for  a  new  coal  seam 
could  spring  up  and,  in  time,  the  processes  detailed  above  were 
again  undergone.  Thus,  in  brief,  do  scientists  account  for  the 
origin  and  formation  of  those  five  great  veins  of  coal  which  are 
today  the  chief  mineral  wealth  of  our  State,  and  of  those  vast 
beds  of  overlying  shale  which,  iir  recent  years,  have  come  to  be 
used  for  so  many  varied  products. 

Lying  at  the  base  of  the  Carboniferous  area,  and  therefore 
forming  a  dividing  belt  between  the  Lower  Carboniferous  lime- 
stones on  the  east  and  the  coal  producing  beds  on  the  west,  is 
a  great  stratum  of  sandstone  and  conglomerate,  known  as  the 
Mansfield  sandstone,  or  Millstone  Grit.  It  thus  forms  a  bed  of 
coarse-grained,  siliceous  material  on  which  rests  the  clays,  shales 
and  coals  of  the  Coal  Measures  proper.  It  denotes  a  period  of 
subsidence  and  inflow  of  the  sea.  Previous  to  its  deposition  there 
had  been  an  elevation  of  the  land  and  erosion  had  cut  numerous 
valleys  to  varying  depths.  The  incoming  sea  gathered  up  the 
fragments  of  rock  waste  ^nd  formed  deposits  over  the  newly 
formed  or  forming  sea  bottom,  filling  all  the  depressions  of  the 
former  land  area,  thus  forming  a  mantle  of  dand,  gravel,  clay  and 
coal,  which  rests  unconf ormably  upon  the  underlying  uneven  sur- 
face. Out  from  the  beach,  in  the  deeper  water,  deposits  of  fine 
sand  and  mud  were  formed  on  which,  as  they  reached  the  surface, 
swamps  and  bogs  developed  which  later  became  coal  beds. 

Kaolin  or  ^^Indianaite.^^ — The  only  coal  of  any  note  found  in 
or  below  this  Mansfield  sandstone  is  coal  I,  usually  in  a  thin  vein, 
which,  in  many  places,  lies  at  the  base  of  the  sandstone  and  just 
above  the  Huron  sandstone  or  limestone  of  the  Sub-carboniferous 
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period.  In  a  number  of  localities  in  Lawrence,  Martin  and  Owen 
counties  coal  I  is  replaced  by  a  bed  of  kaolin  called  "Indianaite/' 
which  is  the  purest  form  of  clay  occurring  in  the  State.  Wher- 
ever this  kaolin  is  found  it  is  always  at  the  horizon  of  coal  I. 
The  coal  and  kaolin  are  never  found  at  the  same  place,  though 
often  they  occur  but  short  distances  apart.  At  Huron,  Law- 
rence County,  where  the  best  known  deposit  is  located,  the  kaolin 
lies  in  a  horizontal  stratum,  four  to  11  feet  in  thickness,  which 
is  overlain  by  sandstone,  and  in  places  contains  a  light  green 
mineral  known  as  allophane.  The  upper  half  of  the  kaolin 
stratum  is  chiefly  composed  of  massive  snow-white  clay,  associated 
with  which,  near  its  upper  part,  are  occasional  concretionary 
masses,  some  of  them  a  foot  or  more  in  diameter.  These  disinte- 
grate on  exposure  to  air,  but  the  kaolin  is  non-plastic.  The  lower 
half  of  the  kaolin  ranges  from  pale  buff  to  a  rich,  deep  brown  in 
color.  An  analysis  of  this  kaolin  made  by  Ifoyes  for  the  Twen- 
tieth report  of  this  Department,  shows  its  composition  to  be  as 
follows : 

Analysis  of  Indianaite. 

Per  Cent, 

Silica   ; 44.75 

Alumina    38.69 

Water 15.17 

Ferric  oxide   95 

Lime    37 

Magnesia    30 

Potash  12 

Soda 23 


100.58 


Although  the  purest  clay  in  the  State,  this  kaolin  is  not  now 
put  to  any  use.*  For  a  niunber  of  years  it  was  made  into  alum 
sulphate  for  paper  sizing,  but  on  account  of  the  cost  of  transporta- 
tion the  mines  were  in  time  abandoned.  Mixed  with  a  small  quan- 
tity of  plastic  under-clay,  it  could  be  made  into  the  finest  of 
refractory  wares  and  other  products  where  a  very  pure  clay  is 
required. 

There  has  been  much  discussion  as  to  the  origin  of  this  kaolin. 
It  is  undoubtedly  residual  in  nature ;  i.  e.,  it  was  formed  where  it 
now  Mes.     The  material  of  which  it  was  formed  was,  however, 

*For  a  detailed  aooonnt  of  the  Tarious  known  deposits,  analysest  oto.,  see  under  "The 
Cimjt  of  Lawreaoe*  Martin  and  Owen  Countiei.*' 
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sedimentary,  as  the  nature  of  the  bed  and  adjacent  rocks  plainly 
indicates. 

It  was  formerly  thought  ^hat  the  kaolins  occupy  a  space  which 
at  other  points  is  filled  by  a  stratum  of  limestone  in  the  Coal 
Measure  rocks.  Prof.  E.  T.  Cox  so  thought,  and  in  1874  wrote 
regarding  it  as  follows :  "The  clay  (kaolin)  lies  immediately  be- 
neath the  Millstone  grit  or  pebbly  conglomerate  of  the  coal  meas- 
ures and  here  occupies  the  place  of  a  bed  of  Archimedes  limestone 
which  is  seen  in  situ  about  two  miles  southeast  of  the  mine. 
Though  similar  in  its  chemical  composition  to  kaolin,  this  clay 
differs  physically  and  owes  its  origin  to  an  entirely  distinct  set  of 
causes  and  effects.  While  the  former  is  derived  from  fhe  decom- 
position of  the  feldspar  of  feldspathic  rocks,  such  as  granite, 
porphyry,  etc.,  the  porcelain  clay  of  Lawrence  County  has  re- 
sulted from  the  decomposition,  by  chemical  waters,  of  a  bed  of 
limestone  and  the  mutual  interchange  of  molecules  in  the  solution, 
brought  about  by  chemical  precipitation  and  affinity."  *  In  other 
words,  he  asserted  that  the  kaolin  is  the  result  of  the  chemical 
action  of  carbonated  water  upon  the  beds  of  limestone,  but  did  not 
attempt  to  explain  how  carbonated  water  can  change  the  elements, 
calcium  and  carbon,  into  silica  and  alumina. 

Maurice  Thompson  upheld  Prof.  Cox's  theory,f  but  added  the 
explanation  that  rain  water,  in  percolating  through  the  overlying 
conglomerate  sandstone,  gathered  and  carried  down  with  it  suffi- 
cient silica  and  alumina  to  replace  the  carbonate  of  lime  dissolved. 

W.  H.  Thompson  went  a  little  more  into  detail  and  states  his 
conclusion^  as  follows:  "In  the  beginning,  then,  we  have  a 
stratum  of  limestone  of  a  soft  and  destructible  nature,  immedi- 
ately above  which  lies  a  massive  sandstone  formation  of  coarse 
grain  and  loose  texture. 

"Everybody  knows  that  rain  water  will  percolate  easily  through 
massive  coarse  sandstone,  and  in  this  case  it  did  so  percolate  and 
thus  reach  the  imderlying  limestone  which  it  slowly  destroyed, 
the  first  step  being  the  bearing  away  of  the  lime  and  iron,  these 
being  the  elements  most  readily  affected  by  the  water.  The 
residuimi  now  left  of  the  limestone  is  composed  of  silica  and  alu- 
mina; meantime,  the  water  passing  through  the  sandstone  has 


*Sixth  Ann.  Rep.  Geol.  Surv.  of  Ind.,1874,  p.  15. 

tFifteenlh  Ann.  Rep.  Ind.  Dep.  Geol.  and  Nat  nist.,  1886,  p.  37. 


OKIGIN    OF    INDIANA    KAOLIN.  57 

been  taking  therefrom  silica  and  alumina,  with  a  trace  of  mica  in 
a  fine  state  of  mechanical  division,  and  bearing  them  down  to  the 
cavity  below,  where  by  chemical  action  they  combine  with  the 
silica  and  alumina  left  over  from  the  destruction  of  the  limestone. 
Thus,  in  short,  was  the  kaolin  of  Indiana  made."* 

All  of  these  writers  had  evidently  overlooked  the  fact  that  as 
far  back  as  1861  Prof.  Leo  Lesquereaux  had  recognized  that  the 
kaolin  near  Dover  Hill,  Martin  County,  occupied  the  horizon  of 
a  missing  vien  of  coal,  and  gave  it  as  his  opinion  that  the  kaolin, 
was  the  result  of  the  burning  out  of  the  coal  beds.  His  account 
of  the  Dover  Hill  deposit  is  as  follows : 

"On  both  sides  of  the  place  where  the  coal  is  worked  there  is  a 
bank  of  very  soft,  ochrous  clay,  a  true  powder  as  fine  as  flour, 
without  any  trace  of  coal,  though  occupying  exactly  the  same 
horizon.  It  is  overlaid  by  a  clay  iron  ore,  which  looks  as  if  it  had 
been  roasted.  I  consider  this  local  formation  as  the  result  of  the 
burning  of  the  bank  of  coal  at  places  where  it  was  exposed  along 
the  creek."f 

Dr.  Geo.  H.  Ashley,  who  has  made  the  most  careful  survey  of 
the  Indiana  coal  fields  to  date,  concludes  that  Lesquereaux  was 
right  in  his  theory,  and  that  the  kaolin  was  formed  by  the  com- 
bustion of  a  vein  of  coal  immediately  above  a  vein  of  under^clay, 
the  impurities  of  the  latter  being  burned  out,  and  the  kaolin  left 
as  a  residue.  I  quote  from  him  as  follows :  "In  the  first  place, 
the  absence  of  the  coal  where  the  kaolin  occurs  does  not  appear  to 
be  due  to  the  thinning  out  of  the  coal ;  for,  on  the  other  hand,  it 
was  found  in  places  that  the  coal,  which  occurs  often  but  a  few 
rods  away,  is  of  an  unusual  thickness  as,  for  example,  on  the 
Johnson  and  Chenoweth  place,  west  of  Shoals,  the  coal  and  kaolin 
are  only  separated  by  a  narrow  ravine.  On  the  west,  coal  I  is 
about  3  ft.  4  in.  thick,  and  apparently  does  not  lie  in  a  small 
pocket,  while  east  of  the  ravine  is  found  the  kaolin  in  the  same 
horizon.  Moreover,  in  addition  to  the  iron  ore  mentioned  by  Mr. 
Lesquereaux,  the  deposit  is  frequently  overlain  by  a  soft,  pinkish 
sandstone.  A  similar  sandstone  is  observed  at  a  place  on  Koaring 
Creek,  in  Parke  County,  where  the  bed  of  coal  has  been  burned 


'Sixteenth  Ann.  Rep.  Ind.  Dep.  Geol.  and  Nat.  Hist.,  1888,  p.  78. 

tR6porton  the  Distribution  of  the  Geological  Strata  in  the  Coal  Measures  of  Ind.,  In  Rep. 
of  a  Geol.  Roconn.  of  Ind.,  made  in  1859  and  1860,  p.  320. 
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out' beyond  all  question.  *  Another  factor  is  the- apparent  resem- 
blance often  observed  of  baked  fire-clay  to  kaolin/'  * 

While  the  facts  at  hand  are  not  sufficient  to  fully  justify  either 
of  the  conclusions  above  given  as  to  the  origin  of  the  kaolin,  that 
of  Lesquereaux  and  Ashley  is  by  far  the  more  plausible.  It  at 
least  accounts,  according  to  the  laws  of  chemistry,  for  the  pres- 
ence of  the  silica  and  alumina  which,  with  the  combined  water, 
make  up  98.61  per  cent,  of  the  deposit. 

Nomenclature  of  the  Coal  Measure  Rooks  of  Indla^na. — 
Since  the  under-clays  and  shales  of  the  Coal  Measures  form  the 
most  valuable  commercial  clays  of  Indiana,  they  will  be  treated 
more  fully  than  those  of  the  other  geological  formations  in  this 
report.  In  discussing  them  the  nomenclature  and  numbers  of  the 
coal  veins  adopted  by  Ashley  in  his  report  on  "The  Coal  Deposits 
of  Indiana,"  f  will  be  used.  It  is  thought  best,  therefore,  to  in- 
corporate here  the  following  explanation  of  the  Ashley  system  of 
nomenclature  as  given  by  him  on  pages  87  to  91  of  the  report 
cited : 

Ashley  System  of  Nomenclature  of  Indiana  Coal  Veins. 

The  work  of  the  present  survey  has  brought  out  the  following 
points : 

1.  No  single  stratum  of  rock  or  coal  in  the  coal  measures,  with 
possibly  the  exception  of  the  basal  sandstones,  is  persistent  over 
the  whole  coal  field,  or  e7en  between  the  extreme  points  of  its 
extent. 

2.  That,  as  a  rule,  the  coal  beds  are  a  little  more  persistent 
than  any  of  their  accompanying  rock  strata. 

3.  That  a  thick  coal  bed  is  usually  more  persistent  than  a  thin 
bed. 

4.  That  the  upper  beds  of  the  coal  measures  are  usually  more 
persistent  than  the  lower,  their  accompanying  strata  also  being 
more  persistent  than  the  strata  accompanying  the  lower  beds. 

5.  That  often  when  a  coal  is  lacking,  the  position  of  its  horizon 
is  shown  by  the  accompanying  strata. 

6.  That  the  horizon  of  certain  coals  can  be  traced  persist- 
ently, if  time  and  detailed  study  be  given  to  it. 

For  the  simple  part  of  our  system  it  is  therefore  proposed  to 

'Twenty- third  Ann.  Rep.  Dep.  Oeol.  and  Nat.  Res.,  1898,  p.  931. 
tTwenty-third  Ann.  Hep.  Ind.  Dept.  Oeol.  and  JNat.  Res.,  1896,  pp.  1-1573. 
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divide  the  coal  measures  vertically  into  eight  spaces  or  divisions 
to  be  designated  by  the  Roman  numerals  I,  II,  III,  etc.,  these 
divisions  to  be  based  on  the  position  of  some  principal  coal  beds 
or  horizons.  In  order  to  give  definiteness  to  the  system,  it  will  be 
based  on  the  vertical  position  of  the  worked  coals  as  found  in 
northern  Clay  and  Vigo  counties,  that  region  being  chosen  prin- 
cipally because  of  the  abundant  developments  in  that  area  having 
rendered  the  relative  position  of  the  principal  beds  quite  certain, 
in  many  cases  two  or  three  of  the  beds  chosen  being  found  in  the 
same  shaft. 

Along  the  eastern  edge  of  Clay  County,  and  in  general  along 
the  eastern  edge  of  the  Indiana  coal  field,  occurs  a  very  persistent 
massive  sandstone.  This  is  sometimes  a  fine  conglomerate  or  grit 
and  was  called  the  Millstone  grit  or  conglomerate  by  the  first 
survey,  or  more  recently  the  Mansfield  sandstone.  This  sandstone 
is  frequently  underlain  by  one  or  two.  coal  beds  of  minor  impor- 
tance. The  sandstone  and  accompanying  underlying  coals  are 
separated  from  the  rocks  both  above  and  below  by  slight  uncon- 
formabilities.  It  thus  becomes  a  distinguishable  division  of  the 
coal  measures  and  the  vertical  space  which  it  is  supposed  to  occupy 
will  be  called  Division  I. 

The  main  worked  coals  all  occur  above  Division  I;  of  these 
there  are  four  in  northern  Clay  County  and  two  additional  beds  in 
Vigo  County,  while  in  southern  Indiana  coals  occur  between  the 
lower  block  coal  in  Clay  County  and  the  Mansfield  sandstone. 
The  minor  beds  occurring  in  the  same  space,  some  of  which  are 
very  locally  of  good,  workable  thickness,  will  not  now  be  con- 
sidered. 

We  have  here,  then,  the  basis  for  seven  space  divisions.  Of 
these  the  uppermost  coals  can  be  traced  with  considerable  cer- 
tainty, the  coal  at  West  Terre  Haute  being  persistent  and  trace- 
able the  whole  length  of  its  outcrop.  The  next  coal  below  it, 
locally  known  as  the  "big  vein,''  while  not  so  persistent  as  the 
coal  above,  has,  we  believe,  been  traced  as  a  horizon  from  the 
Ohio  River  to  northern  Warren  Counfy.  The  "rider"  at  Brazil, 
while  not  very  important  or  readily  recognized  in  the  northern 
part  of  the  field,  to  the  south  appears  as  a  continuous  coal  bed  for 
100  miles  and  can  be  traced  readily  and  with  great  certainty. 
Descending  from  this  the  coals  appear  in  smaller  and  smaller 
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basins,  and  correlation  is  attended  with  more  and  more  uncer- 
tainty, so  that  the  conviction  has  grown  upon  the  members  of  the 
survey  that  the  lower  coals  do  not  occur  at  widespread  horizons, 
and  therefore  any  attempts  at  exact  correlation  between  distant 
points  will  be  fruitless.  However,  as  workable  beds  are  found  in 
this  space,  and  as  some  of  these  beds  are  of  great  importance,  it 
becomes  desirable  to  extend  our  system  to  them.  As  it  is  found 
that  workable  coals  occur  at  such  distances  below  the  "rider,"  as 
traced,  as  to  divide  the  rocks  into  from  one  to  three  divisions,  ac- 
cording to  the  aggregate  thickness,  it  will  be  convenient  to  divide 
the  time  space  represented  by  these  rocks  into  three  divisions  to 
be  known  as  Divisions  31,  III  and  IV.     The  upper  and  lower  v 

block  coals  will  be  known  as  Coals  IV  and  III,  respectively.  The 
rider,  most  typically  developed  at  Petersburg,  Pike  County, 
where  it  is  8  to  10  feet  thicl^  will  be  called  Coal"  V.  The  "big 
vein,"  worked  at  Turner,  Staunton,  Seeleyville,  Coal  Bluff,  Cox- 
ville,  etc.,  will  be  known  as  Coal  VI. 

The  space  from  any  one  of  these  coals  to  the  next  will  be  known 
as  a  division.  Thus,  Division  VI  will  comprise  all  of  the  rocks 
from  Coal  VI  to  Coal  VH,  including  Coal  VL 

Above  the  "big  vein"  at  Seeleyville  is  a  coal  bed  of  frequently 
or  generally  workable  thickness.  It  is  the  bed  worked  above 
drainage  at  Clinton  and  Lyford,  and  believed  to  be  the  bed  ex- 
tensively worked  at  West  Terre  Haute.  A  workable  bed  at  a 
similar  height  is  commonly  found,  though  on  account  of  the  pres- 
ence of  the  thicker  "big  vein"  it  is  but  little  worked  commer- 
cially. The  space  from  the  big  vein  to  it  will  constitute  Division 
VI.  Still  above  the  bed  last  mentioned  is  a  coal  bed  which 
locally,  along  Coal  Creek,  Vigo  County,  and  Brouilett's  Creek, 
Vermillion  County,  is  of  workable  thickness.  Division  VII  will 
extend  to  this  coal  bed  from  the  bed  last  mentioned. 

At  Merom,  Sullivan  County,  the  coal  worked  by  shafts  is  be- 
lieved to  be  at  this  horizon.  Near  the  top  of  the  bluff  at  the  same 
place  is  a  massive  sandstone,  called  in  the  old  reports  the  Merom 
sandstone.  It  lies  unconf  ormably  upon  the  rocks  below,  and  as  no 
coal  has  ever  been  reported  as  found  in  it  or  above  it,  it  is  taken 
as  marking  the  top  of  the  coal-bearing  rocks  of  the  State.  The 
space  from  it  down  to  the  coal  mined  by  shafts  at  about  river 
level  at  Merom  will  be  taken  as  Division  VIII. 
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The  age  of  the  Merom  sandstone  is  in  doubt,  but  temporarily 
it,  with  any  overlying  rocks,  exclusive  of  the  drift,  will  be  consid- 
ered as  in  Division  IX.  It  will  be  noted  that  with  the  exception 
of  Divisions  II  and  IX,  a  major  coal  is  taken  as  the  bottom  of 
each  division,  so  that  in  representing  the  outcrop  of  any  division 
on  the  map,  the  bounding  lines  will  practically  represent  the  lines 
of  outcrop  of  the  coals  at  the  top  and  bottom  of  the  division.  The 
coal  at  the  bottom  of  the  jdivision  in  each  case  will  be  considered 
to  be  in  that  division,  and  in  general  will  be  designated  by  the 
number  of  the  division  in  which  it  is  included.  Thus,  the  "big 
vein"  at  Seeleyville,  etc.,  will  be  called  Coal  VI;  the  rider  at 
Brazil,  Coal  V ;  the  top  block  at  Brazil  Coal  IV,  etc. 

In  the  majority  of  cases  one  or  more  minor  coal  beds  occur  be- 
tween the  major  beds.  In  all  cases  where  more  than  one  coal  is 
assigned  to  a  division,  the  coals  will  be  distinguished  by  the  addi- 
tion of  a,  b,  c  to  the  Roman  nimieral.  Thus,  three  coals  in 
Division  V  would  be  called  Coals  V,  Va,  Vb.  In  cases  where  it 
is  known  that  a  coal  bed  or  group  of  beds  are  above  a  certain 
division,  as  say  Division  II,  and  below  another  divrision,  as  say 
Division  VI,  but  data  is  lacking  for  any  closer  adjustment  to  the 
time  scale,  it  may  be  named  by  the  combination  of  two  or  more 
divisions ;  as,  in  the  case  above,  it  might  be  called  Coal  III — ^V. 

The  Coal  Measure  SJiales  and  Under-CUiys, — A  part  of  a  typi- 
cal vertical  section  showing  the  arrangement  of  the  different 
strata  of  the  Coal  Measures  and  their  relations  to  each  other 
would  be  about  as  follows: 

Typical  Coal  Measure  Section. 

*  Feet.  InchcB. 

1.  Soil  and  surface  clay 5  2 

2.  Sandstone,  massive  or  shelly 2  8 

3.  Blue  compact  shale 27  0 

4.  Coal— VII    4  10 

5.  Fire-clay   6  2 

6.  Drab  siliceous  shale 18  0 

7.  Limestone   3  8 

8.  Black  bituminous  shale 2  4 

9.  CJoal  VIb  8 

10.  Fire-clay   5  6 

11.  Sandstone  13  0 

12.  Dark  gray  shale 11  2 

13.  Coal  VI  6  8 

14.  Hard  bastard  bluish  fire-clay 11  0 
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15.  Sandstone   21  0 

IG.  Blue  limestone    11  0 

17.  Black  sheety  bituminous  shale -5  4 

18.  Coal  y 5  2 

19.  Fire-clay    4  8 

Some  of  these  strata  are  closely  related.  The  fire-clays  Nob.  5, 
10,  14  and  19,  are  almost  univei'sal  accompaniments  of  the  over- 
lying coal  seams.  The  relation  of  these  under-clays  to  the  coai 
show  plainly  that  the  former  may  be  regarded  as  having  formed 
the  soils  of  the  ancient  Carboniferous  marshes,  and  that  from 
them  sprang  that  luxuriant  vegetation  which  in  time  was  changed 
to  coal.  The  fire-clays,  then,  are  the  mother  soils  of  the  coal 
seams.  They  are  usually  from  one  to  six  feet  in  thickness,  and 
composed  of  a  soft,  homogeneous  clay,  whitish  or  gray  in  color, 
highly  plastic  and,  when  sufficiently  free  from  the  fluxing  ele- 
ments, capable  of  withstanding  in  a  remarkable  degree  the  action 
of  heat.  Occasionally,  however,  these  under-clays  are  composed 
of  a  hard,  bluish,  very  siliceous  clay  containing  more  or  less 
pyrites  and  other  impurities.  No.  14  of  the  above  section,  found 
beneath  coal  VI,  is  such  an  under-clay.  Similar  clays  usually 
occur  beneath  coals  V  and  III,  while  those  beneath  coals  VIII, 
VII,  IV  and  II  and  several  of  the  thinner  rider  veins  are  usually 
of.  excellent  quality  for  manufacturing  purposes. 

It  is  important  to  remember  that  these  under-clays  of  the  coal 
seams  are  the  only  sedimentary  clays  in  Indiana  which  possess  in 
a  high  degree  the  property  of  infusibility  or  refractoriness.  Its 
presence  in  them  is  duo  to  the  absence  of  a  large  percentage  of 
the  alkalies  and  other  fluxes.  This  absence  is  the  more  notable 
since  all  other  sedimentary  clays  contain  these  fluxes  in  quan- 
tities sufficient  to  cause  fusion  at  a  comparatively  low  tempera- 
ture. Their  disappearance  from  the  fire-clays  is  explained  by  the 
fact  that  these  clays  formerly  supported  so  vigorous  a  growth 
of  aquatic  plants;  for  it  is  a  well  proven  fact  that  such  vegeta- 
tion, aided  by  organic  acids  which  are  formed  in  the  submerged 
soils,  has  the  power  of  absorbing  from  such  soil  all  or  nearly  all 
the  alkalies,  iron  and  sulphur  found  therein.  This  leaves  the  soil 
rich  in  alumina  and  silica,  which  are  the  leading  constituents 
of  the  under-clays.  The  absorption  of  the  iron  oxides  also  causes 
these  clays  to  assume  that  ashen  gray  color  so  characteristic  of 
them. 
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Few,  if  any,  fossils  are  found  in  these  under-clays.  The  only 
things  approaching  them  are  the  remains  of  the  many  long, 
thread-like  roots,  or  underground  stems  (Stigmaria)  of  the  larger 
plants  (Sigillarids  and  Lepidodendrids)  of  the  former  coal  flora. 

The  dark  bituminous  shales  (Nos.  8  and  17  of  the  above  typical 
section)  are  found  lying  directly  upon  several  of  the  seams  of  coal, 
and  constitute  the  so-called  "black  slate"  of  the  miners.  They 
vary  much  in  thickness,  and  are  usually  very  complex  in  their 
composition- — being  nothing  more  than  the  first  mass  of  mud,  im- 
pregnated with  carbonaceous  matter,  which  was  deposited  on  the 
submerged  vegetable  remains  in  the  old  coal  swamp.  This  mud 
was  compressed  and  hardened  into  its  present  condition  by  the 
great  mass  of  material  afterward  deposited  upon  it.  Oftentimes 
these  shales  ar^  very  fissile,  and  cleave  in  large  flat  leaves  almost 
as  thin  as  paper.  This  is  especially  characteristic  of  the  shales 
above  coal  V.  (No,  17  of  the  section.)  This  "sheety  shale" 
often  appears  to  be  a  marine  or  sea  deposit,  containing  generally 
fish  scales  and  bones,  sea  inhabiting  shells,  etc.,  and  frequently 
contains  many  concretionary  boulders  of  pyrite,  especially  just 
at  the  top  of  and  partially  imbedded  in  the  coal.  Often  these 
shales  are  so  rich  in  bitumen  that  on  drying  by  exposure  to  the 
air  they  show  a  decided  tendency  to  bend  or  buckle. 

The  black  shales  are  also  often  massive,  with  no  visible  signs  of 
stratification.  The  amount  of  bituminous  matter  which  they  con- 
tain is,  however,  too  great  to  allow  them  to  be  put  to  use  as  a  clay 
material.  Many  of  them  contain  a  large  percentage  of  oily  matter 
which,  if  necessity  should  arise,  could  probably  be  distilled  in 
paying  quantities. 

These  overlying  dark  shales  comprise  the  most  noted  fossil 
bearing  horizon  of  the  Coal  Measures.  They  contain  by  far  the 
greater  number  of  those  handsome  impressions  of  the  leases  of 
ferns  and  closely  allied  plants  which  are  so  characteristic  a  part 
of  the  fossil  coal  flora.  Often,  also,  the  great  flattened  stems  of 
ancient  trees  occur  manv  feet  across  and  several  scores  of  feet 
long ;  showing  perfectly  the  scars  where  the  fronds  were  attached. 
The  remains  of  mollusks  are,  in  some  localities,  also  abundant  in 
these  shales — the  lamellibranchs  and  gastropods  being  the  chief 
groups  which  are  represented. 

The  blue,  drab  and  gray  shales  (Nos.  3,  6  and  12  of  the  section) 
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comprise  the  greater  part  of  the  Coal  Measure  rocks*  of  Indiana 
and,  taken  as  a  whole,  are  the  most  valuable  clay  deposits  occur- 
ring in  the  State.  They  are  not  closely  related  to  the  strata  found 
above  or  below  them,  and  their  thickness  and  composition  varies 
exceedingly  and  is  dependent  entirely  upon  the  character  and 
source  of  those  streams  of  water  which  flowed  into  the  old  lakes  in 
which  the  shales  were  formed.  If  the  stream  was  a  large  one  and 
flowed  for  a  long  time  with  sufficient  velocity  to  carry  sediment 
far  out  into  the  deeper  part  of  the  lake,  the  bed  of  shale  is  thick, 
covers  a  large  area,  and  is  comparatively  uniform  throughout. 
On  the  other  hand,  if  the  stream  was  small  and  flowed  slowly  the 
shale  bed  is  correspondingly  thin,  of  small  extent,  and  more  apt  to 
be  varied  in  its  composition.  The  kinds  of  rocks  over  which  these 
ancient  rivers  flowed  on  their  way  to  the  lake  determined  the 
constituents  of  the  sediments  they  brought  down,  and  therefore 
the  character  and  composition  of  the  shales  into  which  this  sedi- 
ment was  afterward  formed. 

When  freshly  exposed  these  clay  shales  are  usually  hard  and 
tough  and  more  or  less  massive,  requiring  to  be  blasted  or  worked 
much  as  the  seemingly  harder  rocks.  As  soon  as  exposed  to  the 
weather  they  soften  and  crumble  into  a  mass  of  more  or  less 
plastic  clay.  This  is  commonly  called  ''slacking,"  more  properly 
"slaking."  In  general  it  may  be  said  that  the  denser  and  more 
firmly  cemented  the  shale  mass  is,  the  less  easily  will  it  slake  un- 
der the  action  of  the  weather,  and  such  a  shale  would  also  be 
harder  to  grind ;  that  is,  it  will  take  longer  grinding  to  break  it 
up  thoroughly.  We  therefore  see  that  the  condition  of  a  weath- 
ered outcrop  is  a  certain  index  to  the  way  in  which  the  shale 
will  act  in  the  grinding  machines,  it  being  more  desirable,  of 
course,  to  have  a  material  that  comminutes  readily. 

Some  shales,  when  weathered,  divide  into  thin  flakes  or  leaves, 
when  they  are  called  "fissile  shales."  Others  break  up  more  or 
less  into  little  cubes.  Of  these  two  the  latter  are  generally  more 
suitable  for  making  clay  wares.  The  very  plastic  shales,  other 
things  being  equal,  are  best  adapted  for  making  stoneware  and 
sewer  pipe;  tiiose  of  moderato  plasticity  find  their  application  in 


^Tbe  term  "rocks"  in  this  report  is  used  in  its  true  sense, and  signifies  any  material, 
whether  hard  or  soft,  which  constitutes  a  portion  of  the  crust  of  the  earth.  Thus,  a  bed  of 
sftnd  or  olay  is  no  less  a  '*  rock  "  than  the  hardest  granite. 
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the  manufacture  of  paving  brick,  while  the  lean  or  sandy  ones  are 
used  mostly  for  dry  pressed  and  common  brick. 

Based  on  their  composition,  the  shales  of  the  Coal  Measures 
may  be  classified  as  follows : 

(a)  Argillaceous  or  clayey  shales,  in  which  clayey  material 
(silicate  of  alumina)  largely  predominates.  In  color  these  are 
usually  drab  or  blue,  though  yellow  and  buff  shades  are  not  of 
uncommon  occurrence.  They  are  almost  free  from  "grit"  and  are 
often  soft  and  unctuous  or  greasy  to  the  touch.  In  the  country 
they  are  known  almost  universally  as  "soapstones,"  but  this  term 
rightfully  belongs  to  the  mineral  steatite  or  talc,  a  magnesian 
silicate  which  does  not  occur  in  Indiana.  Sometimes,  however, 
the  shales  are  quite  hard  and  tough,  yielding  but  little  to  the  pick 
and  requiring  the  use  of  explosives  for  their  removal.  But  what- 
ever their  character  when  first  mined,  upon  exposure  to  air,  rain 
and  frost,  they  quickly  disintegrate  into  soft,  plastic,  fine-grained 
clays  of  large  commercial  importance. 

(b)  Siliceous  or  sandy  shales  are  those  which  have  a  large  pro- 
portion of  free  silica  or  sand  mixed  with  the  clayey  material. 
For  the  most  part  they  are  drab,  buff  or  yellow  in  color,  though 
sometimes  gray  or  even  bluish.  Their  value  for  manufacturing 
purposes  depends  largely  upon  the  character  of  the  sand  particles 
foimd  in  them.  Sometimes  these  particles  are  so  minute  as  to  be 
invisible  to  the  naked  eye,  and  the  shale  would  pass  as  a  clay  shale 
unless  carefully  examined.  The  shales  are  then  comparatively 
free  from  grit,  and  are  scarcely  inferior  to  the  argillaceous  shales 
in  value.  From  this  the  grains  of  sand  may  become  larger  until 
thoy  are  plainly  discernible  to  the  sense  of  touch  as  well  as  sight. 
A  more  or  less  even  mixture  of  sand  and  clay,  that  might  with 
equal  propriety  be  called  a  sandy  shale  or  a  shaly  sandstone,  is 
quite  common  in  the  Coal  Measures.  When  of  this  character  the 
dej>osits  are  of  little  economic  importance.  Oftentimes  scales  of 
mica  are  scattered  abundantly  among  the  particles  of  sand,  and 
the  shales  are  then  known  as  "micaceous." 

In  the  northern  part  of  the  Indiana  coal  field  there  is  often 
found  a  peculiar  combination  of  shale  and  sandstone  known  as 
"fake,"  "sand  slate"  and  other  less  common  ftames.  It  consists 
of  thin,  alternating  layers  of  sandstone  and  shale,  the  layers  often 
being  like  thin  flakes,  and  giving  a  markedly  banded  appearance 

5— Geology. 
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to  a  fresh  cross  section  of  the  stone.  A  weathered  bluff  of  it 
closely  resembles  a  bluff  of  fissile  shale,  as  the  shaly  flakes  tend 
to  weather  out,  leaving  the  thin  projecting  flakes  of  white  sand- 
stone, but  with  a  coating  of  the  dark  shale  which  makes  them  ap- 
pear as  shale  until  broken  across.  In  the  block  coal  field  this 
rock  often  immediately  overlies  the  coal,  making  the  roof.  This 
formation,  wherever  found,  contains  too  much  grit  for  manufac- 
turing purposes. 

(c)  Calcareous  or  Limey  Shales. — These  are  much  less  common 
in  the  Indiana  Coal  Measures  than  either  of  the  two  preceding. 
They  contain  a  large  percentage  of  carbonate  of  lime  (CaCOg) 
commingled  with  the  clayey  material.  Such  shales  may  be  readily 
known  by  their  light  grayish  color  and  the  readiness  with  which 
they  effervesce  with  muriatic  acid.  Where  found  they  are  usually 
in  close  connection  (either  above  or  below)  with  a  stratum  of 
limestone.  Oftentimes  they  contain  remains  of  the  shells  of  ma- 
rine or  brackish  waters.  Such  limey  shales  are,  by  the  miners, 
usually  known  as  "clod"  or  "marl."  It  may  also  usually  be 
noticed  that  the  line  of  contact  between  this  shale  and  the  lime- 
stone is  very  irregular ;  indeed,  in  some  places  the  limestone  loses 
entirely  the  character  of  a  layer  and  appears  as  lenticular  masses 
or  boulders  in  the  structureless  shale  or  "clod."  In  such  cases  it 
is  evident  that  the  clayey  shale  is  only  the  residuum  left  by  the 
decomposition  of  the  limestone.  In  some  cases  this  entirely  re- 
places the  limestone,  and  should  then  be  recognized  as  of  the  same 
horizon.  Surrounded  as  they  are  by  so  much  material  of  better 
quality,  these  calcareous  shales  of  the  Coal  Measures  are  of  little 
commercial  importance.  In  some  of  the  older  formations  (Silu- 
rian, Devonian,  etc.)  where  good  clays  are  less  common,  they  may 
be  utilized  in  making  bricks  when  the  percentage  of  lime  is  not 
too  great  and  is  disseminated  evenly  throughout  the  shale. 

In  some  localities  sharp  lines  of  division  separate  the  above 
named  varieties  of  shales ;  but  generally  they  merge  so  gradually 
into  one  another  that  it  is  often  difficult  to  say  where  the  one  ends 
and  the  other  begins.  Thus,  by  the  gradual  addition  of  fine  par- 
ticles of  sand  the  argillaceous  shales  pass  into  siliceous ;  these,  by 
the  addition  of  coarser  particles,  into  shaly  sandstones,  and  finally 
into  hard  and  durable  sand  rocks. 

Loess  Clays  of  the  Coal  Measures. — It  was  noted  while  gather- 
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ing  the  data  for  this  report  that  the  loess  clays  mentioned  on 
page  23  covered  a  large  portion  of  the  uplands  in  the  following 
counties :  Sullivan,  Ejiox,  Daviess,  Dubois,  Pike,  Gibson,  Posey, 
Vanderburgh,  Warrick  and  Spencer.  Over  this  area,  which  cor- 
responds closely  to  that  of  the  Carboniferous  area  south  of  Vigo 
and  Glay  counties,  these  loess  clays  are  the  ones  commonly  used 
for  ordinary  brick  or  drain  tile. 

Along  the  borders  of  the  immediate  valleys  or  flood  plains  of 
the  Wabash  and  White  rivers  the  common  loess  is,  in  many  local- 
ities, replaced  by  a  narrow  strip  of  "nxarl-loess,"  which  is  a  white, 
gray  or  yellowish  silt  containing  a  high  percentage  of  carbonate 
of  lime.  In  places  it  is  delicately  stratified  and  contains  numer- 
ous fossil  shells.  This  marl-loess  occurs  from  the  high  water 
level  up  to  120  feet  above,  but  seldom,  if  ever,  is  found  above  the 
500  foot  level  of  the  region.  It  forms  the  immediate  face  of 
many  of  the  bluffs,  from  northern  Knox  County,  to  Grand  Chain, 
below  New  Harmony.  On  account  of  its  high  percentage  of  lime, 
it  is  not  suitable  for  clay  working  purposes. 

The  common  loess,  with  which  we  have  more  particularly  to 
deal,  is  not  confined  to  any  one  horizon,  but  occurs  at  all  eleva- 
tions from  the  level  of  the  river  bottoms  to  the  crests  of  the 
highest  hills.  Above  a  certain  altitude,  which  detailed  observa- 
tion has  shown  to  be  approximately  500  feet  above  tide  (120  feet 
above  the  river),  it  constitutes  the  only  eilt  noted.  Though  differ- 
entiated only  with  some  difficulty  from  the  marl-loess,  a  thin  coat- 
ing of  the  common  type  usually  appears. to  begin  within  a  quarter 
of  a  mile  of  the  edge  of  the  immediate  river  valley,  and  increases 
gradually  in  thickness  for  several  miles  to  the  east,  probably 
reaching  a  maximum  of  15  feet  or  more  at.  a  distance  of  six  or 
seven  miles,  beyond  which  it  slowly  decreases  until,  at  a  distance 
of  35  or  40  miles  it  has  a  thickness  of  only  two  or  three  feet,  or 
possibly  even  less.* 

As  to  the  source  of  the  two  forms  of  loess,  Messrs.  Fuller  & 
Clapp,f  who  have  given  it  special  study,  conclude  "that  the  marl- 
loess  is  of  aqueous  origin,  consisting  of  silts  deposited  in  former 
expansions  of  the  White  and  Wabash  rivers,  the  materials  being 
brought  down  from  the  margin  of  the  lowan  ice  sheet  by  the 

^'Fuller  &  Clapp— Ball.  Qeol.  Soc.  America,  XIV,  1903, 156. 
tLoc.  Cit.  p.  172. 


68  KEPOBT    OF   STATE   GEOLOGIST. 

Wabash  River.  On  the  other  hand,  the  presence  of  the  common 
loess  at  all  altitudes  up  to  the  highest  the  region  affords  (640 
feet),  the  absence  of  fossils,  the  absence  of  stratification,  and  the 
lack  of  definite  topographic  forms  all  point  to  its  accumulation 
through  an  agency  other  than  that  which  governed  the  deposition 
of  the  marl-loess.  This  agency  is  believed  to  have  been  the  winds. 
The  fact  that  the  common  loess  is  sometimes  entirely  absent 
along  the  immediate  tops  of  the  bluffs  facing  the  Wabash  on  the 
cast  side,  but  begins  to  appear  within  a  short  distance,  and  for 
several  miles  rapidly  increases  in  thickness,  and  then  slowly  but 
persistently  decreases,  suggests  that  the  marl-loess  along  the  Wa- 
bash and  White  rivers  was  the  source  of  the  material.  The 
agency  which  brought  about  the  accumulation  of  common  loess 
we  believe  to  have  been  the  westerly  winds  blowing  across  the 
marl-loess  beds  which  were  exposed  during  periodic  fluctuations 
of  the  water  level.'' 
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Section. III.     THE  CLAYS  OF  INDIANA  BY  COUNTIES. 

In  the  gathering  of  the  data  on  which  this  report  is  based,  it 
was  impossible,  owing  to  a  lack  of  time,  to  examine  all  the  de- 
posits of  clay  in  each  county  visited.  In  general,  only  those  more 
important  deposits  within  five  miles  of  a  railway,  either  in  opera- 
tion or  contemplated,  were  investigated.  While  other  deposits  of 
good  quality  and  large  size  undoubtedly  exist  at  a  greater  distance 
from  the  railways,  they  are  at  present  of  little  or  no  value. 
Transportation  facilities  form  one  of  the  principal  factors  in  de- 
termining the  value  of  any  clay  deposit.  It  will  not  pay  to  haul 
any  known  Indiana  clay  in  wagons  a  distance  of  more  than  five 
miles.  It  will  not  pay  to  haul  it  at  all,  provided  a  railway  switch 
can  be  put  in  for  a  reasonable  sum.  Competition  in  the  making 
of  clay  products  is  at  present  too  great  and  clay  deposits  are  too 
common  to  justify  such  hauling. 

The  prospective  manufacturer  in  locating  a  site  for  any  future 
clay  industry,  if  he  be  wise,  will  always  take  into  consideration 
the  following  factors :  (a)  Quality  and  size  of  the  deposit  of  raw 
material  or  clay ;  (b)  Transportation  facilities ;  (c)  Fuel  facilities ; 
(d)  Water  facilities.  These  are  named  in  the  order  of  their  im- 
portance. If  he  has  a  large  deposit  of  clay  suitable  for  making 
the  wares  which  he  desires  to  produce;  located  in  easy  reaching 
distance  of  one  or  more  railwavs,  and  where  fuel  and  water  can 
be  easily  obtained,  he  can  compete  with  any  factory  of  a  similar 
kind  on  earth.  Under  the  proper  management,  his  business  from 
the  beginning  will  be  an  assured  success.  In  general  it  may  be 
said  that  a  good  clay  deposit  alone  will  not  attract  capital  unless 
the  other  facilities  are  at  hand  or  '*in  sight."  Cheap  fuel  is  a  ne- 
cessity and,  in  the  coal  bearing  counties,  often  immediately  un- 
derlies the  clay.  A  large  amount  of  water  is  used  daily  in  a  clay 
plant  of  any  size,  and  a  never  failing  source  of  it  is  therefore  a 
necessity.  Railways  are  necessary  to  carry  away  the  finished 
product  and  also  to  bring  in  the  fuel,  provided  the  latter  is  not 
found  on  the  ground.  With  any  one  of  the  above  named  factors 
absent  or  difiicult  to  obtain,  the  prospective  manufacturer  will 
have  a  difficult  road  to  travel. 

There  are  of  course  a  number  of  clav  factories  in  Indiana  which 
bring  in  all  raw  materials  and  all  fuel  from  a  distance,  but  they 
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make  only  the  higher  grades  of  clay  products,  such  as  porcelain 
wares,  encaustic  tiles,  glass  pots,  etc.  Each  of  their  wares  is  made 
of  four  to  six  dififerent  clays  and  other  ingredients,  most  of  which 
do  not  occur  in  the  State.  The  excellence  of  transportation  facil- 
ities and  cheapness  of  fuel  were  probably  the  inducements  which 
led  to  the  present  locations  of  such  factories. 

Specimens  of  almost  all  of  the  deposits  of  clay  mentioned  on  the 
following  pages,  as  well  as  many  samples  of  their  burned  products, 
are  in  the  collection  belonging  to  the  State,  and  all  persons  in- 
terested in  clays  or  clay  manufacturing  are  cordially  invited  to 
call  at  the  office  of  the  State  Geologist  and  examine  them. 

I  desire  at  this  place  to  express  my  indebtedness  to  the  many 
persons  residing  in  the  counties  visited,  who  aided  me  in  my  re- 
searches. The  number  is  too  great  to  allow  of  individual  mention. 
Almost  everywhere  I  was  treated  most  courteously  and  afforded 
every  facility  for  securing  the  knowledge  which  I  sought. 

I.     Counties  of  the  Cabbonifbbous  Abea. 

FOUNTAIN  COUNTY. 

This  county  is  near  the  northern  extremity  of  the  Carbonifer- 
ous area  of  the  State.  It  lies  south  and  east  of  Warren ;  east  of 
the  northern  part  of  Vermillion;  north  of  Parke,  and  west  of 
Montgomery  and  Tippecanoe  counties.  The  general  shape  is  tri- 
angular, as  the  Wabash  River  forms  its  northern  and  western 
boundaries.  The  maximum  length  of  the  county  from  north  to 
south  is  28^  miles,  and  the  maximum  width  from  east  to  west, 
18^  miles ;  its  area  being  383  square  miles. 

The  geological  epochs  represented  in  the  county  are  three ;  the 
Knobstone  of  the  Lower  Carboniferous,  and  the  Mansfield  sand- 
stone and  the-  Coal  Measures  of  the  Carboniferous  Period.  The 
rocks  of  the  first  named  epoch  outcrop  on  either  side  of  the  Wa- 
bash River  from  the  Tippecanoe  County  line  to  a  point  three  miles 
below  Attica,  and  also  form  the  surface  of  the  greater  part  of  the 
eastern  third  of  the  county  north  of  the  Clover  Leaf  Railway. 
The  Mansfield  sandstone  forms  an  irregular  strip  three  to  seven 
miles  in  width,  which  enters  the  county  at  its  southeastern  corner 
and  extends  in  a  northwesterly  direction  to  the  Wabash  River  at 
Fountain.    A  long  lobe  or  tongue  of  the  same  rocks  forms  the  sur- 
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face  from  Fountain  in  a  northeasterly  direction  toward  Attica. 
The  remainder  of  the  county — about  160  square  miles  of  its 
soTithwestern  portion — is  underlain  by  the  Coal  Measures. 

The  general  character  of  the  county  is  that  of  a  gently  rolling 
plain,  with  a  slight  inclination  to  the  south  and  west.  In  the 
northeastern  part  a  high  gravel  ridge  starts  gradually  and  runs 
parallel  with  the  river,  sometimes  attaining  a  height  of  250  feet 
above  the  river,  and  100  feet  above  the  surrounding  region.  Two 
or  three  miles  southeast  of  this  is  another  less  conspicuous  parallel 
ridge  of  gravel.  Along  the  immediate  valley  of  the  Wabash  the 
bounding  bluflFs  and  ravines  make  some  rather  broken  country, 
while  the  tributaries  of  Sugar  Creek  cut  up  the  southeastern 
comer  into  a  rugged  region. 

As  already  noted,  the  Wabash  River  flows  along  the  northern 
and  western  border  of  the  county,  and  in  the  northern  half  the 
drainage  is  principally  by  the  Big  and  Little  Shawnee  creeks  into 
that  stream.  The  central  part  of  the  county  is  drained  by  Coal 
Creek,  with  its  tributaries,  Turkey  Run,  Dry  Run,  East  Fork, 
Prairie  Creek  and  Graham  Creek.  Wabash  Mill  Creek  and 
Sugar  Mill  Creek  drain  the  southern  portion. 

.The  entire  surface  of  the  county  is  covered  with  a  deposit  of 
glacial  drift — soil,  gravel,  sand  and  clay — ^in  some  places  attain- 
ing a  thickness  of  more  than  100  feet.  On  this  account,  it  is  only 
where  coal  shafts  or  bores  have  been  put  down,  or  where  the 
above  named  streams  have  eroded  ravines  and  gulches,  that  the 
character  and  value  of  the  underlying  strata  can  be  ascertained. 
The  thick  deposits  of  shales,  both  Knobstone  and  Carboniferous, 
which  underlie  a  large  portion  of  the  county,  can  be  most  readily 
secured  at  their  outcrops  along  these  streams;  while  in  the  Coal 
Measures  of  the  southwestern  part  the  valuable  under-clays  are 
located. 

The  county  is  well  supplied  with  transportation  facilities.  The 
C.  &.  E.  I.  Railway  across  it  from  north  to  south;  the  Peoria 
Division  of  the  C,  C,  C.  &  St.  L.  Railway  crosses  from  east  to 
west;  the  T.,  St.  L.  &  K.  C.  Railway  crosses  from  northeast  to 
southwest ;  while  the  Wabash  follows  the  northern  boundary  down 
to  Attica,  and  has  a  spur  running  from  that  city  to  Covington,  the 
county  seat. 
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Townships  21  and  22  Northy  Ranges  6  and  7  West. 

a.  The  Knohstonc  Shales. — These  shales  were  examined  only  in 
the  vicinity  of  Attica  and  northeast  of  that  city.  Perhaps  the 
best  and  most  available  outcrop  for  commercial  use  occurs  on 
what  is  known  as  the  Ice  House  and  adjoining  tracts  in  the  south- 
west quarter  of  section  32  (22  N".,  7  W.) ;  three-fourths  of  a  mile 
northeast  of  the  center  of  Attica  and  300  feet  west  of  the  Wa- 
bash Railway.  The  Knobstone  shale  here  fonns  the  bed  of  the 
old  Wabash  and  Erie  canal  for  at  least  a  quarter  of  a  mile,  and 
was  exposed  when  the  canal  was  excavated.  A  section  on  the 
side  of  the  canal  near  the  ice  house  showed  as  follows : 

Section  of  Knobstone  Shale  nenr  Attica,  Ind. 

Feet. 

1.  Soil  and  surface  clay 3 

2.  Shaly  sandstone  2 

3.  Bluish  gray  shale 8+ 

Where  exposed,  the  shale  at  this  point  had  weathered  into  a 
soft  plastic  clay  of  a  light  gray  color,  which  would,  without  doubt, 
be  found  suitable  for  paving,  pressed  front  and  ordinary  brick. 
Samples  from  here  had  also  been  made  into  flowerpots  by  F.  S. 
'^  Lowrey  of  Roseville,  Ohio,  who  rejwrted  on  them  as  follows: 
^'I  found  the  flowerpots  made  from  the  clay  near  the  ice  house  to 
be  very  satisfactory,  indeed.  I  reserved  two  or  three  of  them  and 
gave  them  a  good  test,  finding  them  to  be  perfect  in  every  way, 
and  I  assure  you  they  would  be  very  salable  goods  on  the  market. 
As  to  the  shipping  facilities,  none  better  could  be  expected." 

Just  across  the  railway  from  the  ice  house  an  exposure  of  the 
shale  was  made  after  my  visit,  which  showed  nine  feet  of  the  blue- 
gray  Knobstone  shale  overlain  by  six  feet  of  lighter,  partly  de- 
composed shale,  and  yellow  clay.  Samples  of  the  hard,  unweath- 
ered  shale  from  this  exposure  were  analyzed  by  Dr.  Robert  Lyons 
for  this  report,  the  composition  being  found  to  be  as  follows: 

Analysis  of  Knobstone  Shale  from  near  Ice  House,  Attica,  Ind. 

Silica  (SiOa) 68.14 

Titanium  (TiO,)  1.38 

Alumina  (AUOJ 16.03 

Combined  water  3.86 

Clay  base  and  sand ......,.,..,,  8O4I 
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Ferric  oxide  (FCaOJ 4.54 

Lime  (CaO) 0.47 

Magnesia  (MgO)   0.27 

,     Soda  (Na,0)    1.50 

Potash  (K,0)    3.80 

lUuxes   10.58 

Total   99.99* 

The  above  analysis  shows  the  unweathered  shale  to  be  rather 
high  in  silica,  and  a  little  below  the  average  commercial  shale  in 
fluxes.  The  quantity  of  fluxes  found  is,  however,  sufficient  to 
fully  vitrify  the  material.  To  make  sewer  pipe,  hollow  brick  or 
other  product  with  a  thin  body  wall,  the  shale  would  probably 
have  to  be  weathered  for  some  time  or  else  mixed  with  about  one- 
fourth  of  a  more  plastic  clay  such  as  the  under-clays  of  the  Coal 
Measures  south  of  Attica. 

That  the  shale  from  this  point  can  be  made  into  vitrified  paving 
brick  or  pressed  front  brick  of  good  quality  has  been  proven  by 
practical  tests  made  by  the  Chicago  Brick  Machine  Company, 
who  reported  on  it  as  follows:  "This  shale  will  make  elegant 
dry  press  face  brick  or  if  worked  by  the  stiff  mud  process  would 
make  an  excellent  paving  brick.  These  brick,  as  you  will  see, 
have  imusual  weight  and  a  very  beautiful  color,  sharp  and  strong 
edges  and  corners  and  a  normal  shrinkage.  *  *  *  We  would 
not  hesitate  to  guarantee  our  machinery  to  the  fullest  extent  to 
produce  first-class  brick  from  these  materials  by  either  process." 

Knobstone  shale  of  practically  the  same  chemical  composition 
is  being  made  into  one  of  the  best  paving  bricks  in  Indiana  at 
Crarwfordsville,  Montgomery  County.  Taking  into  consideration 
the  railway  facilities  present  at  Attica,  together  with  cheap  fuel 
and  abundant  water,  there  is  no  reason  why  a  large  brick  factory 
should  not  prove  a  success  if  located  on  the  site  of  this  shale 
deposit. 

On  the  Shipps  farm,  west  half  of  the  southwest  quarter  of  sec- 
tion 34  (22  north,  7  west),  one  and  a  half  miles  northeast  of 
Attica,  the  bluish  gray  Knobstone  shale  outcrops  with  an  exposure 
of  22  feet.  It  is  found  in  a  ravine  less  than  one-fourth  of  a  mile 
east  of  the  main  line  of  the  Wabash  Railway.    The  shale  is  over- 

*For  coinpotition  of  "oUy  labitaooe,"  "rational  analysia,"  ete.,M«  "Table of  aoalyMi 
of  Kaobitoae  ihalei,"  In  a  later  seotion. 
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lain  with  from  three  to  six  feet  of  soil  and  yellow  clay,  and  at 
intervals  throughout  the  exposure  are  thin  seams  of  sandstone 
two  inches  to  one  foot  thick,  there  being  three  such  layers  in  the 
22  feet  exposed.  The  shale  weathers  into  a  fine-grained,  very 
plastic  clay,  suitable  for  pressed  front  or  vitrified  brick. 

Farther  northeast,  at  the  point  in  section  19  (22  north,  6  west), 
at  which  the  wagon  road  crosses  the  stream  known  as  "Turkey 
Run,"  is  a  bed  of  similar  shale,  exposed  to  a  thickness  of  30  feet. 
This  is  but  one-third  of  a  mile  south  of  the  Wabash  Eailway  and, 
like  the  preceding,  may  be  gotten  by  easy  stripping. 

On  the  land  of  Edward  Sylvester,  in  the  southeast  quarter  of 
section  20  (22  north,  6  west),  seven  miles  northeast  of  Attica  and 
two  and  a  half  miles  northeast  of  Riverside,  the  same  bluish  gray 
Knobstone  shale  outcrops  in  a  ravine  to  a  thickness  of  20  or  more 
feet,  and  over  a  wide  area  has  but  a  thin  stripping.  Where 
weathered  it  is  very  plastic  and  seemingly  of  good  quality  for 
manufacturing  purposes.  The  point  of  outcrop  is  about  one-half 
mile  south  of  the  Wabash  Railway.  There  are  doubtless  many 
other  localities  in  this  part  of  the  county  at  which  the  Knobstone 
shales  come  near  enough  the  surface  to  be  easily  obtained;  but 
the  above  mentioned  were  all  that  were  examined  by  the  writer. 

South  of  Attica  but  one  outcrop  of  Knobstone  shale  was  visited. 
This  was  on  the  land  of  Dr.  Alexander  Whitehall  and  other  par- 
ties, about  two  miles  west  of  Rob  Roy,  in  the  southeast  quarter  of 
section  23  and  the  southwest  quarter  of  section  24  (21  north, 
8  west).  Here,  for  a  distance  of  nearly  half  a  mile,  Shawnee 
Creek  has  eroded  a  bed  through  the  overlying  Mansfield  sand- 
stone and  a  thick  stratum  of  blue  argillaceous  shale.  Thirty- 
two  feet  are  exposed  at  the  point  mentioned,  which  is  about 
one  mile  east  of  where  the  Attica  and  Covington  Railroad 
crosses  the  stream.  The  greater  part  of  this  deposit  will  be  found 
suitable  for  vitrified  products,  but  a  stripping  of  about  five  feet 
of  clay  and  sandstone  would  have  to  be  removed.  The  shale  is 
softer,  contains  less  silica  and  is  more  easily  weathered  and  ground 
than  the  Knobstone  shales  of  the  northern  part  of  the  county. 

b.  Carboniferous  Shales  and  Under-Clays, — In  the  area  noted 
above  as  being  covered  by  the  Mansfield  sandstone  there  are,  in 
Fountain  County,  a  number  of  deposits  of  shale  and  clay  suitable 
for  manufacturing  purposes.     At  the  quarry  of  the  Silica  Plant, 
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operated  by  the  Western  Silica  Company  on  the  south  side  of 
Shawnee  Creek,  about  one  mile  west  of  Rob  Roy,  the  following 
section  is  exposed : 

Section  at  Quarry  of  Western  Silica  Company, 

Feet.  Inches. 

1.  SoU  and  surface  clay 2  0 

2.  Black  sheety  bituminous  shale 5  0 

3.  Light  gray  sandstone  with  streaks  of  iron 

oxide    11—16  0 

4.  Coal  I   0  8-10 

5.  Bone  coal  or  "black  jack" 6—8 

6.  Under-clay   , 6  4 

The  black  shale  (No.  2)  contains  too  much  bituminous  matter 
to  be  used  for  clay  products,  but  the  under-clay.  No.  6,  is  of  good 
quality,  and  could  be  used  for  stoneware  and  vitrified  products, 
provided  enough  of  it  could  be  secured  from  beneath  the  heavy 
stripping.  On  the  north  side  of  the  stream,  between  the  office  and 
the  main  plant  of  the  Silica  Co.,  and  just  below  the  switch  of  the 
C.  &  E.  I.  Railway,  occurs  a  deposit  of  soft,  light  blue  to  buff 
argillaceous  shale,  ten  feet  or  more  in  thickness,  overlain  by 
three  to  five  feet  of  surface  clay.  This  shale  appears  in  every 
way  suited  for  vitrified  wares. 

On  the  George  Nave  farm,  northwest  of  northwest  of  19  (21 
north,  7  west),  coal  has  been  mined  for  local  use  for  a  number  of 
years.  A  section  at  a  point  of  the  new  drift  entry  showed  as 
follows : 

Section  on  the  Nave  Farm,  Northwest  of  Rob  Roy. 

Feet.       Inchee. 

1.  Soil  and  surface  clay 2  0 

2.  Blue  argillaceous  shale 2— G  0 

3.  Black  bituminous  shale  and  bone  coal 1  2 

4.  Coal   1  10 

5.  Bone  coal 1  0 

6.  Bluish  shaly  under-clay 5+  0 

Ten  yards  west  of  the  new  drift  the  section  showed  only  shale 
extending  12  feet  below  drainage,  except  a  three-inch  bed  of 
sandstone.  Shale  No.  2  and  under-clay  No.  6  are  both  of  good 
quality,  and  combined  or  separately  could  be  used  for  a  number  of 
different  classes  of  clay  products. 
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Township  20  North,  Ranges  7  and  8  West. 

On  Rattlesnake  tributary  to  Bear  Creek,  southeast  quarter  of 
section  4  (20  north,  8  west),  Mr.  George  Galloway  some  years 
ago  sunk  a  shaft  in  search  of  coal,  a  section  of  which  shows  as 
follows :    ' 

Section  of  Galloway  Shaft  No,  1. 

Fe€t,  Inckw. 

1.  Soil    3  0 

2.  Black  sandstone  4  0 

3.  Dark,  bituminous  shale   1  10 

4.  CJoal    0  2 

5.  Under-clay  merging  into  sandstone 3  8 

G.  Light  gray  shale 10  0 

• 
The  under-clay  (No.  5)  is  light  gray  and  very  siliceous.     It -is 

formed  of  a  peculiar  mixture  of  fire-clay  and  sandstone  called 

"Gannister  rock."   If  thoroughly  tested  it  will  doubtless  be  found 

suitable  for  the  lining  of  Bessemer  and  other  steel  converters. 

Mr.  Galloway  states  that  it  was  tested  in  a  fire  brick  furnace  at 

a/ 

Montezuma.  The  test  resulted  in  the  melting  down  of  the  Mon- 
tezuma fire  brick,  while  the  Gannister  did  not  change  form  but 
became  lighter  in  color. 

The  shale  (No.  6)  when  weathered,  is  very  plastic  and  can  be 
made  into  stoneware.  Its  partial  analysis,  according  to  Kramer, 
is  as  follows: 

Analysis  of  Shale  from  Ijand  of  (ieorge  Galloxvay,  Foxtntain  Indiana, 

Silica  (total)   73.20 

Alumina   13.38 

Clay  base  and  sand'. 86.58 

Magnesia    • 1.01 

Lime    97 

Ferric  oxide 2.19 

Fluxes 4.17 

Moisture  and  volatile 9.25 

A  mixture  of  this  clay  with  a  clay  from  an  adjoining  farm  was 
tested  in  a  roofing  tile  factory  at  Covington,  about  1886,  but  ac- 
cording to  Mr.  Donaldson,  one  of  the  proprietors,  it  did  not  give 
satisfaction  as  it  cracked  badly  when  burned  hard  enough  to  with- 
stand the  action  of  frost.  It  is  said  to  be  one  of  the  best  model- 
ing clays  in  the  country. 
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In  the  autumn  of  1903  a  new  shaft  was  sunk  by  Mr.  Galloway, 
30  rods  southeast  of  the  old,  in  the  lowlands  of  Rattlesnake  Creek, 
which  exposed  the  following  strata : 

Section  of  Galloway  Shaft  No,  f. 

Feet. 

1.  Soil  and  surface  clay 2 

2.  White  siliceous  clay 10 

3.  Bituminous  shale  4 

4.  Light  gray  siliceous  shale.' 8+ 

No.  2  of  this  section  probably  corresponds,  to  the  Gannister 
(No..  6)  of  the  preceding.  Under  the  lens  no  difference  in  composi- 
tion or  structure  can  be  detected,  but  it  appears  as  a  very  hard, 
fine-grained  sandstone.  A  partial  analysis  of  a  sample  of  it  was 
made  by  State  Chemisf  H.  A.  Huston,  of  Purdue  University,  who 
reported  on  it  as  follows : 

AnaJysu  of  White  Vlay  from  GaJlowatj  Stinft  No.  2. 

Per  Cenf. 

SiUca  (SiOa)  93.70 

Alumina  and  iron  oxide  (ALO.-fFeO) 4.23 

Lime  (CaO)   32 

"There  is  very  little  iron  in  the  material  which,  in  composition, 
stands  between  the  Dinas  and  the  Eisenburg  clays,  both  of  which 
are  noted  for  being  very  infusible  and  for  having  very  little 
shrinkage.''*  While  the  so-called  clay  is  imdoubtodlv  of  a  verv 
high  refractory  character,  some  difficulty  might  be  experienced  in 
causing  it  to  bond  after  grinding.  This  could  be  readily  overcome 
by  mixing  with  it  a  small  percentage  of  a  more  plastic  clay  from 
the  Coal  Measures,  fio  mixed,  there  is  little  doubt  but  that  it 
would  make  a  class  of  high  grade  refractory  wares,  such  as  fur- 
nace linings,  saggarvS,  retorts,  etc.  Its  chemical  com])osition  and 
structure  are  of  such  a  character  as  to  fully  justify  careful  prac- 
tical tests  of  the  clay  for  such  purposes. 

No.  4  of  the  section  weathers  into  a  very  soft,  whitish,  plastic 
clay,  which  has  every  appearance  of  being  suitable  for  stoneware, 
sewer  pipe  and  kindred  products.  It,  however,  contains  in  peaces 
thin  layers  bearing  numerous  dark  brown  specks  of  iron  silicate 
or  "pin  ore,"  which  would  depreciate  its  value  unless  they  could 
be  separated  by  washing. 

*Tbe  Dinas  olay  if  found  in  England  and  is  used  for  roofs  of  furnaoes.  The  Eisenburg 
clay  is  a  yery  refractory  German  product. 
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Along  the  bottoms  of  Coal  Creek,  on  the  land  of  Minnick  & 
Hoagland,'  northeast  quarter  of  section  19  (20  north,  7  west),  one- 
haK  mile  southeast  of  Stone  Bluff,  is  an  outcrop  of  a  light  gray 
potters'  clay  of  a  superior  quality.  It  is  wholly  free  from  grit 
and  has  the  greasy  feel  which  the  better  grades  of  such  clays 
possess.  At  the  point  of  outcrop  it  is  overlain  with  soil  and 
yellow  clay  six  feet  in  thickness;  the  stratum  of  clay  being 
exposed  to  a  depth  of  five  feet,  but  its  total  thickness  is  as  yet 
undetermined.  In  the  bluffs  near  by  it  is  found  beneath  twenty 
feet  of  soil  and  sandstone,  and  forms  the  under-clay  of  a  vein 
of  coal  two  feet  six  inches  thick.  An  analysis  of  this  clay  was 
made  for  the  1895  clay  report  by  Dr.  R.  E.  Lyons.  It  is  here 
given  in  connection  (for  comparison)  with  an  analysis  of  the 
famous  Akron,  Ohio,  stoneware  clays.* 

Analyses  of  Stoneware  Clays  from  Stone  Bluff,  Ind.^  and  Akron,  Ohio. 

JS^toiu  Bluff,  fnd.  Akron,  Ohio. 

Silica   (SiO,) G8.46  68.13 

Titanium  oxide  (TiO») 1.49  

Alumina  (A1,0,) 16.08  20.80 

Water  combined  7.04  5.72 

Cl^y  base  and  sand 93.07  94.05 

Ferric  oxide  (Fe^O,) 1.92  1.20 

Ferrous  oxide  (FeO) 06  

Lime  (CaO) 99  .42 

Magnesia  (MgO)   05  .37 

Potash  (K2O)    1.31  2.28 

Soda  (Na^O)   2.40  .27 

Fluxes    6.73  4.[>4 

Total    99.8O  99.19 

The  C.  &  E.  I.  Railway  passes  within  eighty  rods  of  this  de- 
posit. The  clay  is  found  over  an  extensive  area  north  and  north- 
west, having  been  exposed  in  wells  on  the  lands  of  William 
Mallett  and  Albert  Boord. 

On  the  land  of  Frank  Landers,  northwest  quarter  of  section 
19  (20  N.,  7  W.),  one-half  ndle  west  of  Stone  Bluff,  the  same 
stratum  outcrops  in  several  places.    It  is  here  known  to  be  eight 

*Th9  analytii  of  th«  Akron  oUji  rapreienta  an  avtrage  of  layaral  samplei  selectad 
from  th«  ground  0U7  nied  in  lOTeral  planU  and  than  mixed. 
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feet  thick,  and  in  some  places  is  overlain  with  a  thin  vein  of  coal. 
Mr.  Landers  had  a  sample  of  the  clay  analyzed  by' Dr.  Lyons 
with  the  following  results: 


1 


Anayltis  of  Under- Clay  from  Land  of  Frank  Landers,  Stone  Bluff,  ^nd. 

Silica  (SiOJ 67.82 

Titanium   oxide   (TiOJ 1.10 

Alumliia  (AljOJ 13.60 

Water  combined  9.72 

Clay  base  and  sand 92.24 

Ferric  oxide   (Fe^OJ 4.04 

Ferrous  oxide  (FeO) 45 

Lime  (CaO)  57 

Magnesia  (MgO)   44 

Potash  (K,0)   1.68 

Soda  (Na,0)   1.18 

Fluxes    8.36 

Total   100.60 

The  analysis  proves  the  chemical  fitness  of  jbhe  clay  for  mak- 
ing sewer  pipe,  hollow  brick,  drain  tile  and  kindred  products. 

i 

a 

Township  19  North,  Rcmges  7  and  8  (md  Part  of  9  West. 

I. 
The  Hillsboro  Pressed  Brick  Company  for  some  time  made 

dry   pressed  front   brick   from   a   surface   stratmn   of   siliceous 

ochery  clay,  located  just  south  of  Hillsboro,  near  the  middle  of 

section  12  (19  north,  7  west).    The  deposit  is  a  remarkably  pure 

one,  to  be  found  on  the  surface  in  the  drift  region,  and  resembles 

closely  the   residual  surface  clays  of  southern   Indiana.     The 

works  of  the  company  were  located  on  a  tract  of  low  ground  near 

the  bed  of  Coal  Creek,  and  the  clay  was  secured  from  the  top 

of  the  adjoining  bluff,  the  face  of  which  discloses  the  following 

section : 

Section  of  Bluff  at  Hillsboro ,  Ind. 

Feet, 

1.  Soil  and  yellow  ochery  clay 9 

2.  Drab  arenaceous  shale 3 

3.  Reddish  sandstone 12 

4.  Gray  arenaceous  shale  (micaceous) 3 

5.  Sandstone   
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The  dry  pressed  brick  made  from  the  clay  (No.  1)  were  a 
handsome  shade  of  dark  red,  but  were  much  more  friable  than 
those  made  by  other  companies  from  argillaceous  shale.  As  a 
consequence,  too  many  of  them  were  broken  in  handling,  and 
the  company  finally  abandoned  the  enterprise.  For  a  time  the 
two  shales  (Nos.  2  and  4)  were  mixed  and  burned  into  a  fair 
quality  of  buff,  pressed  brick.  They  were  found  to  be  too  highly 
siliceous  for  vitrified  products. 

In  the  immediate  vicinity  of  Veedersburg  are  found  the  best 
known  shale  deposits  of  Fountain  County.  Before  the  great 
value  of  shales  for  making  vitrified  products  was  fully  under- 
stood, the  Wabash  Paying  .Brick  CJompany,*  now  the  largest 
concern  of  the  kind  in  the  State,  had  located  a  plant  one-half 
mile  southwest  of  Veedersburg,  southeast  quarter  of  section  12 
(19  north,  8  west),  close  to  the  lines  of  the  T.,  St.  L.  &  K.  C. 
and  C.  &  E.  I.  railways.  Here  they  began  making  pavers  from 
a  fire-clay  which  outcropped  in  a  hill  to  the  west.  This  clay 
gradually  merged  into  sandstone  as  it  passed  back  under  the  hill, 
until  finally  it  became  too  siliceous  for  use. 

The  company  had  meanwhile  experimented  with  shales,  and 
finding  them  highly  suitable  for  their  purpose,  began  procuring 
them  from  two  different  places.  Their  main  supply  is  now  se- 
cured from  the  land  of  Boord  Bros.,  near  the  middle  of  section 
13  (19  north,  8  west),  about  one  mile  southwest  of  their  plant. 
Here,  along  the  south  bluffs  of  Coal  Creek,  is  located  one  of  the 
largest  and  purest  deposits  of  Carboniferous  shales  in  the  State. 
In  June,  1904,  the  pit  had  been  worked  to  a  depth  of  50  feet. 
Everything  from  the  grass  roots  down  was  being  used,  except  a 
band  of  iron  carbonate  three  to  five  inches  thick,  which  occurs 
eight  to  ten  feet  below  the  surface.  A  section  of  the  pit  showed 
as  follows: 

Section  of  Shale  Pit  South  of  Veedersburg;  Worked  by  Wabash  Clay  Co-. 

Feet,       IncKei. 

1.  Surface  soil  and  yeHow  clay 2  8 

2.  Blue  argillaceous  shale,  upper  3  feet  discolored  by 

leachings  from  the  soil 35  0 

3.  Coarse  grained  arenaceous  shale 0         3 

4.  Blue  shale,  same  as  No.  2;  bottom  concealed 15  0 

"^For  a  description  of  the  factory  of  this  company  and  statistical  information  regarding 
it,  leo  under  the  section  "The  Clay  Industries  of  Indiana." 
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The  shale  is  rather  soft,  dark  blue  in  color  and  of  very  fine 
texture.  The  deposit  is  very  homogeneous,  being  almost  free 
from  the  concretions  of  iron  carbonate  so  commonly  found  in 
such  strata.  Tlie  bhiff  of  shale  is  exposed  for  one-fourth  mile 
down  the  creek  from  the  present  pit,  and  extends  over  a  wide 
area  to  the  south  and  southwest.  The  Wabash  Clay  Company 
use  125  tons  of  clay  a  day,  two-thirds  of  which  is  hauled  in 
wagons  from  this  pit  to  their  plant.  They  pay  a  royalty  of  3 
cents  per  ton  for  the  shale,  and  20  cents  a  ton  for  hauling  to  the 
factory. 

About  one-third  of  the  raw  material  used  by  the  Wabash  Clay 
Company  is  gotten  from  the  Culver  farm,  one  mile  north  of 
Veedersburg  on  the  southwest  quarter  of  section  31  (20  north, 
7  w«st).  Here  a  shale  bank  has  been  opened  alongside  a  switch 
of  the  C.  &  E.  I.  Railway,  tjie  material  being  hauled  in  cars  to 
the  factory  at  a  cost  of  22^  cents  per  ton.  A  section  of  this  pit 
shows  as  follows: 

Section  at  Clay  Pit  on  Culver  Farm,   One  Mile  North  of  Veedersburg. 

Feet,  Iniohea, 

1.  Soil  and  drift  clay 1-4  0 

2.  Outcrop  coal  V? 0  0—6 

3.  Grayish  plastic  under-clay 3  0 

4.  Light  gi-ay  clay  shale,  the  upper  (>  to  10  feet 

with   reddish   streaks 16  2 

5.  Coal  IV 2  6 

6.  Bone  coal  1  0 

7.  Drab  under-clay 5  4 

Of  these,  all  above  coal  IV  (N^o.  5  of  the  section),  except 
about  one  foot  of  soil,  are  mingled  in  the  proportions  in  which 
they  occur  in  the  bank.  The  general  dip  of  the  strata  is  to  the 
north.  The  under-clay,  No.  7,  is  a  plastic  clay  which,  judging 
from  its  appearance,  will  make  stoneware,  hollow  brick,  etc.  It 
could  be  mixed  with  the  shale  in  the  proportions  of  one  part  to 
four,  to  make  paving  brick,  but  up  to  the  present  has  not  been 
used  for  that  purpose. 

From  a  mixture  of  this  shale  from  the  Culver  farm  with  that 
from  the  bank  south  of  their  plant,  the  'Toston  Block,^'  so  many 
of  which  have  been  used  for  paving  purposes  in  Indiana  and 
adjoining  states  during  the  past  decade,  are  made  by  the  Wabash 

6— Geoloffy. 
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Clay  Company.  An  analysis  of  a  sample,  composed  of  a  mixture 
from  the  inside  of  three  unburned  blocks  shows  the  following 
composition  of  the  material  entering  into  their  structure.* 

Analysis  of  a  Mioctwre  of  McUerial  Used  in  Making  Paving  Block  by  Uic  Wabash 

day  Company, 

SUica  (SiOJ    59.55 

Titanium  oxide  (TiOJ 1.00 

Alumina  (Al,Oa) 16.21 

Water  combined  5.d2 

Clay  base  and  sand 82.38 

Ferric  oxide  (PejOJ 2.18 

Ferrous  oxide  (FeO)  7.13 

Lime  (CaO) 75 

Magnesia  (MgO)   1.58 

Potash  (K,0)   2.81 

Soda  (NaaO)   28 

Fluxes    14.73 

Carbon  dioxide  (CO,) 3.15 

Total    100.26 

According  to  Prof.  Edward  Orton,f  the  average  composition 
of  the  shales  used  by  ten  of  the  leading  paving  brick  and  sewer 
pipe  factories  of  Ohio  shows — 

Clay  base  and  sand 84.78 

Fluxes  13.22 

with  a  variation  in  the  ten  of  only  4.1  per  cent,  in  clay  and  sand, 
and  6.04  per  cent,  in  fluxing  ingredients.  Taking  this  as  a 
future  standard  of  comparison  for  the  composition  of  Indiana 
shales  suitable  for  vitrified  products,  we  find  that  the  material 
used  by  the  Wabash  Clay  Company  shows  the  presence  of  2.40 
per  cent,  less  of  refractory  material,  and  1.51  per  cent,  more 
of  the  fluxes  than  the  standard.  This  is  probably  due  to  a  large 
admixture  of  the  surface  soil  and  clay  from  the  pit  north  of 
Veedersburg.  Nevertheless,  the  mixed  materials  showing  the 
above  composition  stand  tip  well  until  thoroughly  vitrified,  and 
produce  a  strong  and  durable  paving  block. 

*W.  A.  NoyoB,  ohemist.    For  rational  analysis,  etc.,  see  ander  "Table  of  Analyses  of 
Carboniferous  Shales/ '  in  a  later  section. 

t'*The  Clay- Working  Industries  of  Ohio,'*  in  Geol.  Surv.  Ohio,  VII,  1893, 134. 
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One-third  of  a  mile  west  of  the  Big  Four  Kailway  station  at 
Veedersburg,  and  just  south  of  the  main  line  of  that  railway, 
on  the  southwest  quarter  of  section  1  (19  north,  8  west),  the 
Veedersburg  Clay  Company*  finished,  in  1&04:,  a  modern  plant 
for  the  making  of  vitrified  brick  and  similar  products.  At  the 
time  of  my  visit  in  June,  1904,  their  clay  pit,  75  feet  south  of 
the  plant,  had  just  been  opened.  A  shaft  had  also  been  started 
beneath  one  comer  of  their  plant  from  which  it  was  expected  to 
mine  coal  IV  for  fuel,  and  also  to  secure  shale  and  under-clay 
for  future  use.  A  section  of  the  pit  as  far  as  exposed  showed 
as  follows: 

i 

Section  of  Pit  of  Veedersburg  Clay  Company j  Veedersburg  ^  Tnd. 

Feet,        Ineh€8, 

1.  Soil  and  yellow  clay,  stripped 2  0 

2.  Tough  yellow  clay  with  an  occaHional  nodule  of 

kidney  iron  ore 3  0 

3.  Shale,  light  gray  siliceous 8  0 

4.  Blacls  bituminous  shale  4  0 

5.  Coal  V? 1  10 

C.    Gray  sandy  under-clay 2  0 

7.    Light  gray  siliceous  shale 7+  0 

Of  this  section,  Nos.  2  and  3  were  being  mixed  and  used  for 
the  making  of  bricks  for  the  building  of  new  kilns.  An  attempt 
was  made  to  make  vitrified  brick  from  the  shale  No.  3,  but  after 
a  number  of  trials  it  was  found  that  the  shale  was  too  high  in 
silica  to  vitrify.  The  plant  was  therefore  closed  down  on  Octo- 
ber 1st,  until  such  a  time  as  the  new  shaft  could  be  completed 
or  a  railway  switch  put  in  to  the  shale  deposit  on  the  Marshall 
land,  to  be  hereafter  described. 

On  the  north  side  of  the  Big  Four  Eailway,  in  the  same  quar- 
ter section,  and  just  north  of  the  factory  of  the  Veedersburg 
Clay  Company,  is  an  old  abandoned  coal  shaft,  through  which 
coal  was  mined  for  a  number  of  years.  A  section  of  this  9haft;| 
as  given  by  Ashley,  f  is  as  follows : 


*For  eqaipment  of  plant,  gee  under  "Clay- Working  Indugtries  of  Iii4iana." 
f  Twenty-third  Ann.  Rep.  Dep.  Geol.  NM^  ^a-.  I^<1-^  1898^  242^ 
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Section  of  Shusler  Coal  Sfiaft^  Veedersburg,  Ind. 

Feet.         Inche; 

1.  Gravel 20  0 

2.  Plre-clay  and  shale 7  0 

3.  Sandstone  with  shale  partings 30?  0 

4.  Coal  V 1  8 

5.  Light  drab  fire-clay 7  0 

6.  Drab  shale  with  plant  remains 10  0 

7.  Coal  IV?  4  2 

8.  Light  gray  sandy  fire-clay 9  0 

■ 

North  of  Coal  Creek,  south  and  southwest  of  Veedersburg, 
the  surface  rocks  seem  to  be' largely  conij>osed  of  heavy  ledges 
of  sandstone,  but  south  of  Coal  Creek  and  southeast  of  Veeders- 
burg,  a  thick  stratiun  of  blue  shale  seems  to  have  replaced  the 
sandstone. 

One  and  a  half  miles  southeast  of  Veedersburg,  on  the  land 
of  Miles  Marshall,  northwest  quarter  of  section  17  (19  north,  7 
west),  a  bold  bluff  of  the  same  stratum  of  blue  shale  as  that 
worked  at  the  main  pit  of  the  Wabash  Clay  Com})any  on  the 
Boord  land,  rises  abruptly  from  the  margin  of  the  north  side  of 
Coal  Creek.  The  top  of  the  bluff  is  covered  with  from  three  to 
six  feet  of  gravel  suitable  for  road  material.  The  shale  then 
sets  in,  and  is  exjxxsed  for  38  feet  to  the  water,  beneath  which 
the  foot  of  the  bluff  is  hidden.  It  is  reported  that  a  drill  hole 
sunk  43  feet  below  low  water  level  in  Coal  Creek  did  not  reach 
the  bottom  of  the  shale  stratum.  This  shale  bluff  is  very  uni- 
form in  color  and  structure  throughout  the  exposure,  the  only 
impurity  noticeable  being  two  thin  layers  of  ironstone  ne^ar  the 
center.  Negotiations  are  now  under  way  to  construct  a  switch 
of  the  C,  C,  C.  &  St.  L.  Raihvay  to  this  bluff  for  the  purpose 
of  using  the  shale  for  vitrified  products. 

One-fourth  of  a  mile  nearer  Veedersburg,  on  the  land  of 
William  Dice,  southwest  quarter  of  section  8  (10  north,  7  west), 
the  saine  shale  is  found  in  abundance,  and  can  be  easilv  secured 
by  removing  three  feet  of  surface  stripping.  There  is  also  a 
conspicuous  shale  bluff  on  the  south  side  of  Coal  Creek  near  the 
middle  of  section  17  (19  north,  7  we^t),  and  another  at  the  mouth 
of  Clifty  Creek  in  section  15  (10  north,  7  west).  At  the  latter 
place  the  shale  outcrop  is  30  feet  thick,  and. rests  unconfonnably 
against  a  sandstone  at  the  eastern  end  of  the  bluff. 
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In  a  ravine  a  short  distance  southeast  of  the  shale  bluff  be- 
longing to  Mr.  Marshall,  is  an  outcrop,  three  feet  in  thickness, 
of  a  peculiar  surface  drift  clay.  It  is  a  fight  brown  in  color,  and, 
when  wet,  one  of  the  most  tenacious  materials  I  have  found 
among  Indiana  clays.  When  dry  it  becomes  exceedingly  hard, 
and  "sets''  like  plaster  of  Paris.  It  has  all  the  properties  of  a 
most  excellent  modeling  clay. 

Numerous  other  deposits  of  clay  which  are  suitable  for  manu- 
facturing purposes  doubtless  occur  in  the  vicinity  of  Veeders- 
burg,  but  the  above  are  all  that  can  be  noted  in  this  connection. 
Three  railways  pass  through  the  town,  connecting  it, directly  with 
some  of  the  more  important  commercial  centers  of  the  ITnitcd 
.States.  With  such  superior  facilities  for  transportation,  with  an 
abundance  of  coal  within  25  miles,  and  with  an  unlimited  supply 
of  excellent  shales  in  the  immediate  neighborhood,  nothing  but  a 
lack  of  energy  on  the  part  of  its  people  will  prevent  the  town 
from  becoming  the  seat  of  important  clay  industries. 

As  noted  on  a  preceding  page,  about  160  square  miles  of  the 
southwestern  portion  of  Foi.ntain  County,  .except  a  narrow  area 
along  the  Wabash  River,  is  overlain  by  the  Coal  Measure  rocks. 
The  coal  veins  found  over  this  area  are  IV  and  V.  *  Coal  V  is 
usually  overlain  wath  sandstone,  with  often  black,  sheety  shale 
lying  directly  on  the  coal,  but  between  it  and  IV  there  often 
occurs  a  thick  deposit  of  workable  shale.  The  under-clay  be- 
neath V  is  usually  everywhere  of  good  quality,  but  that  beneath 
IV  is  more  apt  to  be  very  siliceous,  approaching  a  sandstone  in 
character. 

One  mile  south  of  (Covington,  on  the  land  of  the  Hon.  Eno« 
Nebeker,  south  half  of  the  northwest  quarter  of  section  1  (19 
north,  9  west),  the  following  strata  are  exposed  on  a  hillside 
facing  the  north: 

Section  on  Nebeker  Lan^j  South  of  Covington. 

Feet,       /ficAc*. 

1.  Soil  and  yeUow  drift  clay 3  4 

2.  Drab  argillaceous  shale 8  6 

3.  Dark  bituminous  Bhale 2  0 

4.  Coal    1  0 

5.  Fire-clay    1  6 

6.  Light  gray  siliceous  shale 8+  0 


86  BEPOET    OF   STATE   GEOLOGIST. 

Of  these,  Nos.  2  and  5  are  good  commercial  clays  and  can  be 
made  into  many  kinds  of  products.  No.  6  is  too  siliceous  to  be 
used  alone,  but  united  with  the  others  will  increase  their  value 
for  brick-making  purposes. 

Farther  south,  on  land  formerly  owned  by  Monroe  Carwile, 
potters'  clay  of  good  quality  is  found  in  an  outcrop  beneath  coal 
I,  exposed  to  a  thickness  of  three  feet.  A  partial  analysis  of  this 
clay  by  Ejramer,  showed  its  chemical  constituents  could  be 
classed  as  follows: 

Per  Cent. 

Clay  base  and  sand ,. 91.02 

Fluxes 4.90 

Moisture  and  volatile 4.08 

■ 

Its  composition  seems  suitable  for  stoneware  and  hollow  brick. 

Two  and  a  half  miles  south  of  Covington,  at  an  abandoned  coal 
mine  on  the  land  of  Peter  Anderson,  south  half  of  the  southwest 
quarter  of  section  12  (19  north,  9  west),  a  deposit  of  blue-gray 
argillaceous'  shale  five  feet  in  thickness  overlies  30  inches  of  coal, 
beneath  which  is  a  vein  of  fire-clay  the  thickness  of  which  has 
never  been  determined.  Both  shale  and  fire-clay  are  of  good  qual- 
ity, and  mined  in  connection  with  the  coal,  will  well  repay  the 
working. 

Township  18  North,  Ranges  7,  8  and  Part  of  9  West, 

On  a  small  tributary  of  Coal  Creek,  in  section  3  (18  north, 
8  west),  is  an  exposure  of  gray  argillaceous  shale  35  feet  in  thick- 
ness. Beneath  this  is  a  seam  of  coal  3  feet  8  inches  thick,  and 
below  the  coal  a  stratum  of  fire-clay  of  unknown  depth.  Both 
shale  and  clay  are  well  suited  for  manufacturing  purposes. 
Southwest  of  this,  close  to  the  Parke  County  line,  in  section  36 
(18  north,  9  west),  occurs  a  deposit  of  the  better  grade  of  pot- 
ters' clay. 

In  the  southeast  quarter  of  section  18  (18  north,  8  west),  a 
blue  shale  comes  near  to  the  surface  over  a  large  area  of  land 
owned  by  J.  C.  Graham.  It  is  six  feet  thick  at  the  outcrops  and, 
according  to  Kramer,  its  chemical  constituents  represent : 

Per  Cent, 

Clay  base  and  sand 84.14 

Fluxeg  ,,,,,.,,,,...,,...  12.17 
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Beneath  this  shale  are  two  thin  seams  of  coal^  separated  by  a 
stratum  of  a  fair  quality  of  fire-clay  three  feet  in  thickness. 

On  the  land  of  John  E.  Teegarden,  northeast  quarter  of  sec- 
tion 9  (18  north,  8  west),  about  one-half  mile  northwest  of  the 
Clover  Leaf  Kailway,  coal  V  is  being  stripped  for  local  use.  Ac- 
cording to  the  owner,  "Seven  feet  of  dirt  and  three  feet  of  blue 
limestone?  are  being  removed  to  get  at  the  coal,  which  is  semi- 
block,  five  feet  thick,  and  of  good  quality." 

Beneath  the  coal  is  nine  feet  of  a  dark,  bluish-gray  under-clay, 
which  weathers  into  a  fine  grained  very  plastic  material,  free 
from  grit  and  other  impurities.  An  analysis  of  this  clay  made 
by  Dr.  W.  A.  Noyes  for  this  report  showed  its  chemical  con- 
stituents to  be  as  follows: 

Analysis  of  Under- Gay  from  Land  of  Jno,  R.  Teegarden,  Near  Kingiyian,  Ind. 

Silica  (SiOJ    71.91 

Titanium  oxide   (TiOJ 31 

Alumina   (Al,OJ    17.62 

Water  combined  5.37 

Clay  base  and  sand 95.21 

Ferric  oxide  (Fe,OJ 2.55 

Ferrous  oxide  (FeO) 40 

Lime  (CaO) 43 

Magnesia  (MgO)   17 

Potash  (K,0)   2.00 

Soda  (Na,0)   15 

Fluxes 5.70 

Total    100.91 

» 

The  analysis  shows  the  material  to  be — ^what  its  appearance 
indicates — a  high  grade  under-clay  suitable  for  stoneware,  hol- 
low brick,  sewer  pipe,  fireproofing  and  many  forms  of  ware  now 
made  at  other  points  in  Indiana.  By  comparing  the  composition 
of  the  Teegarden  clay  with  that  of  the  famous  stoneware  clays 
of  Akron,  Ohio  (see  p.  78),  it  will  be  noted  that  the  two  are  very 
similar;  the  refractory  and  fluxing  ingredients,  when  compared, 
showing : 

Teeffarden       Akrotit  Ohio 

Clay,  Clay, 

Per  Cent,  Per  Cent, 

Clay  base  and  sand 95.21  94.65 

Fluxes    5.70  4.54 
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Used  in  connection  with  the  overlying  coal,  which  could  be 
readily  mined  by  either  slope  or  shaft,  this  deposit  offers  an 
excellent  site  for  a  stoneware  or  other  clay  factory. 

On  Sugar  Mill  Creek,  section  25  (18  north,  7  west),  at  the 
lower  end  of  the  "Narrows,"  a  blue-black  argillaceous  shale  out- 
crops in  places  along  the  bluff,  and  a  well  section  one-fourth  mile 
east  of  the  creek  shows  the  shale  to  be  35  feet  thick. 

At  the  Coates  or  Byrd  mine  in  the  southeast  quarter  of  sec- 
tion 33  (18  north,  7  west),  18  feet  of  gray  to  blue  shale  of  good 
quality  overlies  coal  V,  which  is  here  in  two  layers,  each  two  feet 
or  more  in  thickness,  and  separated  by  a  bone  coal  six  to  eight 
inches  thick.  The  fire-clay  below  the  coal  is  but  two  feet  thick 
and  merges  into  sandstone. 

At  Yeddo,  on  the  C.  &  E.  I.  Railway,  six  feet  of  a  good 
quality  of  fire-clay  underlies  the  worked  vein  of  coal,  which  is 
four  feet  ten  inches  in  thickness. 

On  the  Aaron  Lindley  farm,  southwest  of  southeast  of  section 
17  (18  north,  8  west),  three,  quarters  of  a  mile  west  of  Gates, 
a  station  on  the  Clover  Leaf  Railway,  coal  Va  is  only  eight  or 
nine  feet  below  the  surface.     A  section  shows: 

Seriion  on  Lindley  Farm^  near  Qifei*. 

Ftet^       Inch  €9, 

1.  Soil  and  yeUow  clay 2  0 

2.  Drab  shale   3  0 

3.  Gray  limestone,  fossiliferous 0  (J 

4.  Drab  shale   3  0 

5.  Coal  Va  2  « 

The  shales  Nos.  2  and  4  are  of  good  quality  for  either  ordinary 
or  vitrified  brick. 

One-half  mile  northwest  of  Snoddy's  Mills,  northwest  quarter 

of  section  1  (18  north,  9  west),  coal  V  is  being  worked  by  Cook 

&  Herming.     At  their  drift  or  slope  shaft  the  following  section 

was  secured : 

Section  Northtcest  of  S noddy  *s  Milln, 

Feet,        Inches. 

1.  Clay  shale 0  '  3 

2.  Coal  Va   1  0 

3.  Soft  <*lay  shale  12  6 

4.  Blacix  sheety  shale    .• 1  6 

5.  Gray  calcareous  shale 0  3 

6.  Coal  V  3  7 

7.  Fire-clay    2f  0 
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Nos.  3  and  7  of  the  section  are  suitable  for  vitrified  and 
kindred  clay  wares. 

At  Silver  Island,  on  a  switch  of  the  Clover  Leaf  Railway,  sec- 
tion 34  (18  north,  9  west),  the  following  section  is  exposed  near 
the  sulphur  spring: 

Section  at  Silver  Island. 

Feet.       Inckee, 

1.  Black  sheety  shale 1  0 

2.  Coal  Via  1  4 

3.  Brown  sandstone. ' 0  10 

4.  Fire-clay  runuing  Into  light  gray  shale,  not  well 

exposed    12  0 

5.  Concealed    5  0 

6.  Dark  blue  shale 3  0 

7.  Black  sheety  shale  with  septaria 2  8 

8.  Coal  VI 1  6 

9.  Gray  fire-clay 4  0 

10.  Coal 1  0 

11.  Fire-clay    G  0 

12.  Drab  shale  4  0 

13.  Sandy  ironstone   1  0 

Of  the  strata  here  shown,  Nos.  4,  5,  6,  9,  11  and  12,  aggre- 
gating 34  feet  in  thickness,  are  suitable  for  vitrified  wares  and 
ordinary  and  pressed  front  brick.  With  railway  facilities  pres- 
ent and  cheap  fuel  in  abundance,  this  furnishes  a  good  site  for  a 
large  clay  factory. 

At  the  Silver  Island  mine,  a  short  distance  away,  coal  V,  four 
feet,  six  inches  in  thickness,  is  mined  from  a  depth  of  45  feet. 
The  coal  is  overlain  with  black  sheety  shale,  but  underlain  with 
20  feet  of  under-clay  suitable  for  many  different  vitrified  prod- 
ucts. 

Surface  drift  clays  are  used  at  thi-ee  or  four  yards  in  Foun- 
tain County  for  making  ordinary  brick  and  drain  tile.*  At  Cov- 
ington, \Y.  H.  Prather  uses  42  inches  of  clay  after  stripping  the 
grass  roots,  to  make  coimnon  brick,  and  drain  tile  four  to  ten 
inches  in  size. 

At  Steam  Comer  a  dark  loam  15  inches  thick  is  stripped  and 
the  under-lying  clay  used  to  a  depth  of  three  and  a  half  feet 
in  making  drain  tile.  At  Kingman  eight  inches  of  soil  are  re- 
moved and  36  inches  of  surface  clay  used;  while  at  Yeeders- 


*8pf  B^tiiticft)  tablp  npar  ^nd  of  pap^r. 
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burg,  after  stripping  six  inches  of  loose  black  soil  a  '^strong, 
tough  tile  clay"  is  utilized  for  drain  tile. 

The  above  comprise  all  the  clay  deposits  of  note  in  Fountain 
County  which  have  come  under  the  notice  of  the  writer.  A  care- 
ful and  detailed  survey  of  each  congressional  township  in  the 
county  would  doubtless  bring  a  number  of  others  to  light.  Many 
of  those  described  are  situated  by  the  side  of  or  within  easy 
reaching  distance  of  the  four  railways  which  pass  through  the 
county.  All  such  would  soon  repay  the  investment  of  capital 
necessary  for  their  development,  provided  practical  and  experi- 
enced clay  workers  were  put  in  charge  of  the  plants  which  were 
erected. 

WARREN  COUNTY. 

This  county  is  a  little  north  of  the  center  of  the  western  bor- 
der of  the  State.  It  lies  south  of  Benton  County  and  east  of 
the  Illinois  line.  Tippecanoe  County  lies  east  of  the  northeast- 
ern corner  of  the  county,  while  Fountain  County  is  east  and 
south  of  Warren,  from  which  it  is  separated  by  the  Wabash 
River.  Vermillion  County  lies  south  of  the  southwestern  cor- 
ner. The  county  is  somewhat  triangular  in  shape,  with  the  north- 
eastern and  southwestern  corners  of  the  triangle  truncated.  It 
has  an  area  of  366  square  miles. 

The  Geological  Epochs  represented  in  the  surface  rocks  are 
the  Knobstone  of  the  Lower  Carboniferous  and  the  Mansfield 
Sandstones  and  Coal  Measures  of  the  Carboniferous  Periods. 
The  Knobstone  occurs  beneath  the  drift  in  the  northeastern  cor- 
ner and  is  exposed  in  a  narrow  strip  alon^  the  north  side  of  the 
Wabash  from  the  point  where  that  stream  enters  the  county  to 
a  short  distance  below  Williamsport.  The  Mansfield  Sandstone 
covers  a  larger  portion  of  the  eastern  half  of  the  county,  and  also 
outcrops  along  the  Wabash  from  near  Williamsport  to  within 
four  miles  of  the  southern  border.  The  Coal  Measure  rocks  lie 
just  beneath  the  heavy  drift  of  the  remainder  or  western  half  of 
the  county. 

The  western  and  northern  part  of  the  county  is  a  high,  rolling 
prairie,  deeply  covered  \vith  glacial  drift,  much  the  same  as  in 
Benton  County,  just  to  the  north.  Approaching  the  Wabash 
Ri^er,  this  level  country  is  much  broken  up  by  the  larger  streams 
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atld  their  tributaries  which,  as  they  near  the  Wabash,  often  ac- 
quire steep  or  precipitous  banks,  often  walled  in  by  perpendicu- 
lar bluffs  of  sandstone.  These  bluffs,  as  well  as  those  along  the 
Wabash,  are  often  80  to  150  feet  high.  Along  the  river  is  a  flat 
terrace,  some  80  feet  above  low  water  mark;  It  is  a  terrace  of 
planation,  the  rock  at  many  points  coming  very  near  the  surface. 
At  other  points  it  is  cut  out  of  glacial  material,  which  still  ex- 
tends as  much  as  60  feet  or  more  below  its  level.  This  terrace 
varies  from  half  a  mile  to  a  mile  in  width.  Away  from  the 
Wabash  Kiver  or  the  channel  of  Pine  Creek,  the  glacial  drift  is 
quite  deep,  ranging  up  to  250  feet  in  thickness.  Approaching 
the  river,  or  its  larger  tributaries,  the  more  rapid  erosion  has 
greatly  reduced  that  thickness,  so  that  along  some  of  the  streams 
the  underlying  strata  are  quite  frequently  exposed.  Over  the 
county  as  a  whole  the  drift  will  probably  average  less  than  100 
feet  in  thickness. 

Ajs  already  noted,  the  Wabash  River  flows  along  the  south- 
eastern side  of  the  county.  Its  principal  tributaries  from  the 
north  and  west  are  Little  Pine,  Eickapoo,  Pine,  Bock  and  Eed- 
wood  creeks,  Possum  Run  and  the  north  fork  of  Spring  Creek, 
which  flows  south  through  a  comer  of  Vermillion  County.  Mud 
Pine  and  Fall  creeks  are  the  principal  tributaries  of  Pine  Creek 
from  the  west.  Jordan  Creek  rises  in  the  northwestern  portion 
of  the  county  and  flows  southwestward  into  Illinois. 

Transportation  facilities  are,  in  the  south  and  eastern  portions 
of  the  county,  good;  while  in  the  northwestern  third  they  are 
wholly  lacking.  The  Chicago  &  Eastern  Illinois  crosses  the 
county  irom  north  to  south  in  the  northeastern  part.  The  Wa- 
bash enters  the  county  above  Williamsport  and  runs  west  and 
southwest,  leaving  at  the  State  Line.  A  branch  of  the  Illinois 
Central  Railway  enters  the  county  from  the  west  and  meets  the 
Wabash  at  West  Lebanon.  The  Peoria  Division  of  the  Big  Four 
crosses  the  southern  edge  of  the  county  from  east  to  west. 

The  remains  of  a  thin  seam  of  coal  Via  occur  in  a  number 
of  places  in  the  southern  part  of  the  county,  but  this  uppermost 
vein  has,  for  the  most  part,  been  cut  out  by  preglacial  erosion. 
Between  it  and  coal  VI  is  a  space  three  to  30  feet  in  thickness 
which,  in  most  places,  is  filled  with  an  under-clay  and  drab  to 
gray  clay  shale,  both  of  good  workable  quality. 
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The  Tinder-claj  beneath  coal  VI  is  of  fair  quality  and  ranges 
up  to  four  and  a  half  fe«t  in  thickness.  Between  this  under- 
clay  and  coal  V,  the  space  is  mostly  filled  with  limestone  and 
black  sheety  shale,  no  workable  clays  being  found.  Beneath  V 
there  is  little  or  no  clay  material  of  value,  unless  it  be  the  under- 
clay  of  coal  T,  which,  in  a  few  placed,  where  weathered,  is  suit- 
able for  terra  cotta  and  stoneware.  The  Knobstono  shales  foimd 
along  the  Wabash  in  the  northeastern  part  of  the  county  are, 
for  the  most  part,  too  sandy  for  use,  though  local  pockets  doubt- 
leas  occur  which  will  make  ordinary,  dry  pressed  or  vitrified 
brick. 

Township  23  North,  Ran^ges  7,  8,  9  and  Parts  of  6  and  10  West 

This  area  of  138  square  miles  lies  along  the  northern  border 
of  the  county,  and  is  almost  wholly  covered  with  heavy  drift,  so 
that  few  exposures  of  clay  are  visible.  The  only  one  worth 
noting  occurs  at  the  site  of  the  old  McKey  coal  banks,  on  Miul 
Pine  Creek,  northeast  quarter  .of  section  20  (23  K,  8  W.).  Here 
coal  VI?,  three  feet  two  inches  thick  overlies  three  feet  of  drab 
under-clay  of  fair  quality  for  terra  cotta  and  hollow  vitrified 
products. 

Township  22  North,  Ranges  8  and  9  and  Parts  of  6,  7  and  10 

West. 

This  area  of  about  120  squai*e  miles  forms  the  second  tier  of 
townships  from  the  north  border.  Its  western  portion  is  heavily 
drift  covered ;  but  near  the  center,  in  22  X.,  8  W.,  are  some 
fair  exposures  of  coal  and  clays. 

At  Kicka]X)o  Falls,  in  the  northwest  quarter  of  section  29 
(22  N.,  7  W.),  about  20  feet  of  black  to  drab  clayey  Knobstone 
shales  are  ex}K)sed  beneath  60  feet  of  massive  Mansfield  Sand- 
stone. In  the  northeast  corner,  section  14  (22  X.,  7  W.),  a  well 
on  the  J.  L.  May  place  passed  thi'ough  44  feet  of  rather  soft 
shale,  below  60  feet  of  drift. 

The  most  promising  beds  of  under-clay  in  the  county  are  prob- 
ably those  exposed  beneath  coal  Via  in  slope  mines  along  Fall 
Creek,  in  sections  20  and  21  (22  X.,  8  W.).  Just  above  the 
Thomas  slope  in  the  northeast  of  section  20  the  following  strata 
are  exposed: 
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Section  Near  Thomas  Sloj)e,  on  Fall  Creek. 

Feet.  InehtH.  Feet,  Incket, 

1.  Drift    2  0  2  0 

2.  Sandstone    :i  6  5  6 

3.  Soft  bluish   shale 0  7  G  1 

4.  Coal  Via 0  10  G  11 

5.  Gray  sandy  under-ohiy 5  11  12  10 

6.  Coal  VI   0  10  13  8 

7.  Soft  light  drab  under-clay 2  0  15  8 

The  upper  undor-clay,  Xo.  5,  is  rather  hard  when  first  ex- 
posed, but  soon  weathers  into  a  soft,  plastic  material,  suitable  in 
high  degree  for  all  kinds  of  hollow  vitrified  wares,  such  as  con- 
duits, fireproofing,  hollow  block,  flue  linings,  etc.  The  lower 
clay,  No.  7,  is  softer,  less  siliceous  and  more  inclined  to  be  waxy 
than  Xo.  5.  It  could  be  mixed  with  the  latter  for  many  pur- 
poses. 

A  little  farther  down  Fall  Creek  from  the  Tliomas  slope,  the 
upper  coal  Via  is  lacking,  but  just  below  its  proper  place  is  11 
feet  of  under-clay  corresponding  to  No.  5  of  the  above  section, 
while  coal  VI  beneath  is  underlain  with  five  feet  of  the  same 
character  as  No.  7,  above  given.    ' 

At  the  Carlsen  bank,  in  the  northwest  quarter  of  21,  coals 
Via  and  VI  are  separated  by  11  feet  of  a  good  quality  of  under- 
clay,  the  lower  portion  of  the  stratum  merging  into  gray  clayey 
shale.  The  entire  body  of  clay  could  be  utilized  and,  by  taking 
it  out,  both  veins  of  coal,  the  upper,  one  foot  ten  inches,  and  the 
lower  about  three  feet  in  thickness,  could  be  mined."  The  most 
discouraging  feature  of  these  excellent  clay  deposits  is  their  dis- 
tance from  transportation ;  the  nearest  railway,  the  Wabash,  be- 
ing about  four  miles  to  the  south. 

At  the  Ilogue  mine,  in  the  southeast  quarter  of  section  16  (22 
N.,  8  W.),  coal  V,  50  feet  from  the  surface,  is  underlain  with  a 
thin  stratum  of  under-clay,  while  just  below  the  latter  is  eight 
to  12  feet  of  drab  to  gray  clay  shale. 

Townshij)  21  North,  Range  9  a/iid  Parts  of  8  and  10  West. 

This  area  of  about  72  square  miles  lies  near  the  center  of  the 
county,  and  contains  the  two  largest  towns,  viz.,  Williamsport 
and  West  Lebanon.  But  few,  if  any,  deposits  of  \vorkable  clays, 
other  than  surface  drift  clays,  occur  in  the  area.     In  the  south- 
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east  of  the  southwest  of  section  11,  about  a  mile  south  of  Will- 
iamsport,  is  an  outcrop  of  coal  V  ?  overlying  the  Mansfield  Sand- 
stone, here  35  to  40  feet  thick,  from  which  it  is  separated  by 
from  two  to  four  feet  of  under-clay.  It  is  overlain  by  a  foot  or 
so  of  sandy  shale,  and  that  in  turn  by  sandstone. 

At  West  Lebanon  a  shaft  and  bore  for  coal  in  the  southwest 
quarter  of  section  12  (21  N.,  9  W.),  disclosed  coal  Via,  one  foot, 
six  inches  thick,  at  a  depth  of  111  feet.  Beneath  the  coal,  and 
separating  it  from  coal  VI,  was  a  stratum  of  underplay  and  clay 
shale  seven  feet  in  thickness.  Coal  VI  was  less  than  three  feet 
thick  and  overlaid  five  feet  of  underK^lay.  On  account  of  the  thin- 
ness of  the  coals  the  shaft  was  abandoned  and  the  clays  are  not 
available,  though  they  are  doubtless  of  good  workable  quality. 

The  only  clay  working  establishment  at  present  in  Warren 
County  is  the  drain  tile  mill  of  Alexander  Hamar  at  West  Leb- 
anon. The  tile  are  made  of  drift  clay,  about  three  feet  of  which 
is  used,  after  stripping  four  to  six  inches  of  soil.  All  sizes  up 
to  12  inches  are  burned,  the  value  of  the  output  in  1904  being 
about  $5,000. 

Township  20  North,  Parts  of  Ranges  9  and  10  West 

In  this  area  of  about  33  square  miles  in  the  southern  part  are 
the  principal  coal  outcrops  and  mines  of  Warren  County.  The 
Peoria  Division  of  the  Big  Four  Railway  crosses  the  southern 
part  of  the  area.  The  C.  &  E.  I.  formerly  had  a  branch  to  Coal 
Creek  (Stringtown),  Fountain  County,  which  crossed  township 
20  north,  9  west,  diagonally.  The  Wabash  River  crosses  the 
northwestern  comer. 

The  principal  exposures  of  coal  and  accompanying  clays  are  in 
the  northeastern  part  of  20  north,  9  west.  At  the  old  Hooper 
&  Barringer  shaft  on  Opossum  Run  Creek,  in  the  northeast 
quarter  of  section  8,  the  following  section  was  exposed  to  below 
the  under-clay  of  coal  VI: 

Section  of  Old  Hooper  dc  Barringer  SJiaft. 

Feet.         Inch—,        Feet.  Inehee, 

1.  Sou    3  0  3  0 

2.  Yellow  clay  with  float  coal 9  0  12  0 

3.  Clay    shale    changing   to   shaly 

sandstone  12  G  24  0 
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4.  Clay  shale  with  ferns 0  G  25  0 

5.  Coal  VI  2  8  27  8 

6.  Under-clay    3  6  31  2 

The  under-clay  No.  6  is  buff  or  gray,  very  plastic,  and  after 
weathering,  will  prove  suitable  for  stoneware,  terra  cotta,  vitri- 
fied tile  and  all  kinds  of  hollow  vitrified  products.  The  old  spur 
of  the  C.  &  E.  I.  Railway  running  past  this  shaft  is  now  aban- 
doned. 

In  this  region  the  space  between  coals  Via  and  VI  varies  from 
three  feet  six  inches  to  above  20  feet  as  far  as  observed.  It 
often  contains  only  fire-clay  and  shale  of  good  quality,  but  where 
the  space  approaches  its  maximum  the  shale  tends  to  be  sandy 
or  to  turn  into  sandstone. 

Along  Coal  Run,  in  sections  9  and  10  (20  N.,  9  W.),  a  bed  of 
hard,  sandy,  light  gray  under-clay  of  fair  quality,  two  to  four 
feet  thick,  generally  underlies  coal  VI.  The  clay  here  is  in  most 
places  about  drainage  level,  sometimes  a  few  feet  below  drain- 
age.    The  following  is  an  average  section: 

Section  at  Dicky  Drifts  No.  -3,  Sottthwest  of  Section  10. 

Feet.       Inches. 

1.  Drift. 

2.  Shelly  sandstone 6  0 

3.  Coal  VI  0  7 

4.  Sandy  under-clay 0  2 

5.  Coal  VI   1  2 

6.  Sandy  under-clay  0  7 

7.  Coal  VI   0  4 

8.  Under-clay    3+  0 

In  the  southwest  of  section  10,  on  the  Jones  place,  the  under- 
clay  beneath  coal  VI  is  four  or  more  feet  thick,  while  in  the 
northwest  quarter  of  section  2,  coal  Via  overlies  three  or  more 
feet  of  white  plastic  under-clay  with  little  grit. 

At  the  shafts  on  the  Rodgers  place,  opposite  Covington,  on  the 
west  side  of  the  Wabash  River,  southeast  quarter  of  27  (20  N., 
9  W.),  the  worked  coal  IV  ?  has  over  it  in  places  about  one  foot 
of  good  fire-clay,  but  this  runs  so  frequently  into  shelly  sand- 
stone and  shale  that  it  is  not  workable.  The  under-clay  beneath 
the  coal  is  here  only  14  to  16  inches  thick,  with  many  fern  im- 
pressions. 
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PARKE  COUNTY. 

Parke  County  is  situated  in  the  western  part  of  the  State,  due 
west  of  Indianapolis.  It  lies  south  of  Fountain  and  part  of 
Montgomery;  east  of  Vermillion;  west  of  Putnam  and  Mont- 
gomery, and  north  of  Clay  and  Vigo  counties.  It  is  nearly  rec- 
tangular in  shape,  having  a  length  of  24  miles  from  north  to 
south,  and  a  width  of  about  20  miles, from  east  to  west,  its  area 
being  453  square  miles. 

The  surface  rocks  of  the  county  represent  five  Geological  Ep- 
ochs, viz.,  the  Knobstone  and  the  Harrodsburg  and  Mitchell 
limestones  of  the  Lower  Carboniferous,  and  the  Mansfield  sand- 
stone and  Coal  Measures  of  the  Carboniferous  Periods.  The 
Knobstone  outcrops  only  along  Sugar  Creek  in  the  extreme 
northeastern  comer  of  the  countv;  while  the  two  Lower  Car- 
boniferous  limestones  come  to  the  surface  over  small  areas  along 
the  streams  in  its  eastern  third.  The  entire  area  covered  by  the 
exposures  of  these  three  formations  is  less  than  ten  square  miles. 
The  Mansfield  sandstone  covers  an  area  of  about  115  square 
miles,  embracing  a  strip  one  to  eight  miles  wide  for  nearly  the 
full  length  of  the  eastern  third  of  tlie  county.  The  remainder 
of  the  county,  comprising  nearly  75  per  cent,  of  its  area,  is  under- 
lain by  rocks  of  tlie  Coal  Measures. 

Parke  is  one  of  the  best  drained  counties  in  Indiana.  The 
Wabash  River,  flowing  along  its  western  border,  receives  the 
waters  of  Coal  Creek,  Sugar  Creek  and  Eaccoon  Creek.  The 
latter  two  streams  rise  east  of  the  county,  flow  entirely  across 
it,  and  cari-y  an  abundance  of  water.  All  along  the  eastern 
side  of  the  Wabash  the  bottom  lands  tend  to  have  a  width  of  one 
or  two  miles,  back  of  which  rise  the  bluffs  from  100  to  250  feet 
high.  Sugar  Creek  appears  to  be  flowing  through  a  post-glacial 
channel,  as  far  as  the  mouth  of  Kush  Creek,  its  immediate  valley 
being  usually  narrow  and  often  hemmed  in  by  cliffs  of  sandstone, 
yielding  many  excellent  exposures  of  the  Coal  Measure  rocks, 
and  affording,  in  the  vicinity  of  "Turkey  Run,"  some  of  the  most 
picturesque  scenery  of  the  State.  Its  principal  tributaries  from 
the  north  are  Rush  Creek  and  Sugar  Mill  Creek ;  while  from  the 
south  enters  Roaring  Creek  Avhich,  in  the  lower  part  of  its  course, 
winds  through  a  narrow  rocky  ravine.  Many  of  the  smaller 
tribut^riep  of.  Sugar  Creek  are,  over  the  lower  part  of  their 
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courses,  enclosed  in  rocky  gorges,  with  perpendicular  or  over- 
hanging walls,  these  gorges  being  often  from  50  to  100  feet 
deep  and  sometimes  of  a  less  width  at  the  top  than  their  depths, 
as  at  Turkey  Kun. 

Raccoon  Creek  and  its  principal  tributary,  Little  Raccoon 
Creek,  occupy  their  preglacial  channels  as  far  as  Rosedale,  above 
which  point  they  have  broad  bottoms  and  yield  but  few  expo- 
sures. The  principal  tributaries  of  the  main  stream  are  Leather- 
wood,  Rocky  Run,  Ii*on  Creek,  Stronger's  Branch,  Rocky  Fork, 
Troutman's  Branch,  and  Little  Raccoon  with  its  tributaries, 
Wiesner's  Branch,  Williams'  Creek  and  Sand  Creek. 

Due  to  the  abundance  of  its  streams,  the  surface  of  Parke 
County  is  much  broken,  especially  in  the  eastern  part,  where  the 
divides  tend  to  become  sharp-crested  ridges.  There  are,  how- 
ever, all  over  the  county,  small,  scattered  patches  of  level  land 
so  characteristic  of  a  glaciated  region.  Tlie  county  lies  entirely 
within  the  drift  covered  area,  though  as  a  rule  it  is  not  so  deeply 
buried  as  the  counties  to  the  north.  The  drift  mav  be  said  to 
range  between  25  and  75  foet,  averaging  nearer  the  fonuer,  and 
occasionally  running  over  the  latter  up  to  probably  150  feet. 
A  terminal  moraine  crosses  the  conntv  from  east  to  west  across 
the  southern  end,  producing  humnuK»ky  topography  and  unusual 
depth  of  drift  wherever  the  erosion  has  left  it  undisturbed. 

The  county  is  fairly  well  supplied  with  railway  facilities.  One 
division  of  the  C.  &  E.  L  Railway  runs  north  and  south  through 
the  western  third,  while  another  cuts  across  the  southwestern 
corner.  The  Springfield  Division  of  the  (\,  TI.  &  1).,  fonnerly 
known  as  the  I.,  1).  &  W.,  crosses  from  east  to  west,  north  of 
the  center;  the  T.  II.  &  L.  Division  of  the  Vandalia  crosses  from 
northeast  to  southwest;  while  the  Central  Indiana  Railway,  leav- 
ing the  latter  at  Sand  Creek  Stati<m,  runs  east  of  south  to  Brazil, 
Clay  Coimty. 

The  most  valuable  clay  d(*posits  of  Parke  County  are  found 
west  of  the  Mansfield  sandstone  area  in  the  northwestern,  west- 
ern and  southern  townships.  The  numerous  streams  of  the 
county  have,  in  many  places,  eroded  deep  beds  through  the  sur- 
face strata,  exposing  the  latter  to  view  and  affording  excellent 
opportunities  for  discovering  the  thickness  and  character  of  the 
Coal  Measure  rocks,  to  which  the  majority  of  the  clays  belong. 
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Township  17  North,  Ranges  6,  7  and  8  West. 

In  the  northern  tier  of  townships  in  the  county  transportation 
facilities  are  poor,  and  but  few  reported  clay  deposits  were 
visited.  On  a  small  tributary  of  Sugar  Creek  from  the  south  in 
section  8  (17  north,  6  west),  is  an  outcrop  of  blue  shale  resem- 
bling that  so  extensively  used  at  Veedersburg,  Indiana,  for  mak- 
ing vitrified  brick.  This  deposit  varies  from  20  to  40  feet  in 
thickness  along  the  bluff. 

On  the  H.  Litsey  farm,  southwest  quarter  of  section  26  (17 
north,  7  west),  the  following  section  is  exposed  on  Gateswood 
Branch :    • 

Section  on  Litsey  Farm,  Stigar  Creek  Township. 

Feet.       Inchet, 

1.  Coal,  bony,  usually  replaced  by  fihale 1  6 

2.  Fire-clay 2  0 

3.  Hidden  2  0 

4.  Shaly  to  massive  sandstone 3  to  8  0 

5.  Blue  to  gray  shale 14  0 

6.  Hidden  6  0 

7.  Blue  shale 6  0 

8.  Black  shale,   bottom  bituminous  and  locally 

replaced  by  No.  9 2  0 

9.  Coal    0  to  1  0 

10.  Gray  to  brown  fire-clay 1  6 

11.  Gray  shaly  sandstone 3  0 

12.  Gray  sandy  shale  running  into  blue  shale 20  0 

Of  the  strata  exposed,  Nos.  2,  8,  5,  7,  10  and  12,  aggregating 
nearly  50  feet  in  vertical  thickness,  consist,  for  the  most  part, 
of  good  working,  clayey  material.  A  short  distance  south  of  this 
coal  has  been  extensively  mined  for  local  use.  The  nearest  rail- 
way is  the  C,  H.  &  D.,  three  miles  south.  For  nearly  two  miles 
above  the  "Narrows"  high  shale  bluffs  are  numerous,  the  expo- 
sures reaching  a  thickness  of  75  or  80  feet.  It  is,  for  the  most 
part,  a  black  fissile,  ai^llaceous  shale,  containing  more  or  less 
iron  pyrites  and  clay  ironstones  and  interstratified  with  thin 
seams  of  coal  and  fire-clay.  In  places  along  this  bluff  there  is 
considerable  sandstone  in  the  shale,  in  other  places  there  is  very 
little. 

Heavy  beds  of  shale  are  also  found  along  Sugar  Mill  Creek,  in 
sections  4,  10,  21,  28  and  29  (17  north,  7  west).  The  largest 
of  these,  and  the  one  in  the  best  position  for  working,  is  at  the 
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"Pinnacle"  on  the  west  side  of  the  creek,  southeast  quarter  of 
section  21  (17  north,  7  west).  At  this  point  the  creek  cuts  off 
the  end  of  a  narrow  ridge  60  feet  high,  having  a  narrow  ledge 
of  sandstone  10  feet  thick  on  top;  the  lower  40  feet  consisting 
of  drab  to  black  colored  Bhale.  The  shale  lies  in  a  heavy  bed 
in  the  northern  part  of  section  28,  on  the  south  side  of  the  creek, 
where  it  contains  a  bed  of  coal  nearly  three  feet  thick. 

On  the  southeast  quarter  of  section  24  (17  north,  8  west),  two 
and  a  half  miles  east  of  the  0.  &  E.  I.  Railway,  the  following 
section  is  exposed  at  the  Russell  mine : 

Section  at  Russell  Mine, 

Feet,        Inch  en. 

'  1.    Hill,  covered   50  0+ 

2.  Gray  shale 6  0 

3.  SandstODe  and  shale  8  0 

4.  Dark  drab  shale 18  0 

5.  Coal  (from  bed  below) 0  10 

6.  Yellow  sandstone  4 

7.  Coal  IV  ; 4  0 

8.  Under-clay    2  U 

The  shales,  Nos.  2  and  4  of  the  section,  and  the  under-clay, 
No.  8,  can  all  be  made  into  vitrified  wares;  while  the  accom- 
panying coal  will  furnish  fuel  sufficient  for  their  burning. 

In  the  northeast  quarter  of  section  29  (17  north,  8  west),  25 
feet  of  gray  shale  is  exposed  by  the  roadside  where  the  road 
descends  the  bluff.  South  of  this,  on  the  Bowser  place  (section 
32),  several  thick  strata  of  shale  and  under-clay  outcrop,  but  the 
stripping  above  them  is  extensive. 

Township  16  North,  Ranges  6,  7  and  8  West 

The  second  tier  of  townships  in  the  county  contain  some  excel- 
lent clay  deposits.  Along  Sand  Creek,  north  and  west  of  Nyes- 
ville,  in  sections  27,  33  and  34  (16  north,  7  west),  Coal 
V  has  been  extensively  mined,  a  switch  from  the  T.  H.  &  L. 
Railway  having  been  constructed  to  the  mines.  In  this 
vicinity  coal  IV  lies  18  to  30  feet  below  coal  V,  and  the 
interval  is  mostly  taken  up  with  the  under-clay  of  V,  and  a 
deposit  of  blue  to  gray  shale  of  good  quality.  A  six-foot  vein  of 
excellent  under-clay  also  underlies  IV.     Railway  facilities,  fuel 
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and  raw  material  being  all  present,  the  location  is  a  good  one 
for  a  large  clay  industry.  The  clay  will,  however,  have  to  be 
mined,  as  the  stripping  is  heavy  throughout  the  region. 

In  the  vicinity  of  Bloomingdale  and  Annapolis,  in  township 
16  north,  8  west,  occur  some  deposits  of  potters'  clay  which  have 
been  extensively  used  in  local  potteries.  Since  the  year  1840  a 
clay  for  the  making  of  stoneware  has  been  obtained  from  a  point 
one  mile  southwest  of  Bloomingdale,  in  the  northwest  quarter 
of  section  23  (16  north,  8  west).  A  branch  of  Leatherwood 
Creek  flows  through  this  area,  and  at  several  points  along  its  low 
bluifs  the  clay  is  obtained  by  stripping.  At  the  time  of  my  visit 
the  following  section  was  obtained  at  tlie  latest  worked  pit : 

Section  SoiUhwest  of  Bloomingdale, 

Feet,       In*  hen. 

1.  Sou  and  drift,  clay 3  0 

2.  Gravel    3  4 

3.  Coarse  siliceous  tire-elay 3  3 

4.  "Iron  sandstone"    1  10 

5.  Fine  grained  potters'  clay 8  0 

Tlie  potters'  clay  (No.  5)  is  of  a  grayish  or  lead  color,  quite 
soft  and  plastic,  and  much  more  so  when  washed  and  kneaded. 
It  contains  a  large  amount  of  free  silica  in  very  fine  grains  and, 
at  scattered  intervals,  scales  of  white  mica  are  discernible.  It 
burns  to  buff  or  cream  color,  and  takes  a  handsome  dark  glaze 
with  Albany  slip  clay. 

A  partial  analysis  by  Dr.  J.  N.  Hurty  showed  the  following 
percentage  composition: 

Analyifis  of  Potters'  Clay  from  Near  Bloomingdale. 

SUica  (SiOJ 69.41 

Alumina  (A1,0,)  18.81 

Clay  base  and  sand 88.22 

Magnesia  (MgO)    54 

Lime  (CaO) 90 

Ferric  oxide  (FeAiJ 2.64 

Fluxes    4.08 

Water  and  volatile  matter 7.65 

While  the  amount  of  potash  and  soda  w^re  not  determined  by 
Dr.  Hurty,  the  percentage  of  fluxes  present  is  not  so  great  but 
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that  it  will  stand  up  under  heat  sufficient  to  melt  the  slip  clay 
used  for  glazing — a  fact  which  experience  has  fully  verified. 

This  stratum  of  potters'  clay  covers  a  large  area  south  and 
west  of  Bloomingdale.  Its  maximum  thickness  is  not  known,  but 
it  has  been  reported  that  at  a  point  one-quarter  of  a  mile  east 
of  where  the  above  section  was  obtained,  30  feet  of  it  was  passed 
through  in  digging  a  well.  No  cjiargo  has  ever  been  made  for 
it  by  the  owners  of  the  land,  but  for  more  than  fifty  years  it 
has  been  washed  by  potters  near  the  place  where  mined,  and  then 
hauled  in  wagons  six  miles  to  Rockville.  It  has  also  been  used 
extensively  in  a  pottery  at  Bloomingdale,  and  to  a  small  extent 
in  one  at  Annapolis.  Many  pits  have  been  opened  along  the 
bluffs  of  Leatherwood,  worked  back  a  short  distance,  and  aban- 
doned -as  soon  as  the  stripping  became  in  anyways  heavy.  In 
almost  all  of  these  the  clay  was  very  uniform  in  character  and 
quality,  though  in  a  few  the  presence  of  small  nodules  of  iron 
carbonate  detracted  somewhat  from  its  value. 

The  coarse,  siliceous  clay  (No,  3  of  the  above  section)  has  been 
used  at  Bloomingdale  in  making  a  cream  colored  drain  tile. 
Mixed  with  surface  clay  it  also  burns  into  a  good  quality  of 
building  brick.  In  some  places,  however,  it  contains  too  many 
pebbles  of  limestone  from  the  overlying  gravel  to  be  of  any 
value.  The  "iron  sandstone"  (No.  4)  separating  the  two  clays,  is 
a  very  heavy  and  hard,  dark  colored,  coarse  grained  rock,  evi- 
dently a  combination  of  some  ore  of  iron  and  sand. 

In  the  northeast  quarter  of  section  22  (16  north,  8  west),  one- 
half  mile  west  of  the  pit  where  the  above  section  was  taken,  a 
stratum  of  clay  outcrops  a  few  feet  above  the  bed  of  Leather- 
wood  Creek.  Although  possessing  at  this  place  the  physical 
appearance  of  a  gray  siliceous  shale,  its  behavior  under  heat 
proves  that  it  is  an  under-clay,  as  it  has  undoubted  refractory 
properties  and  burns  to  a  handsome  buff  color.  Its  composition, 
as  far  as  determined  by  Kramer,  is  as  follows : 

Analysis  of  Under-Clay  on  LeatJierwood  Creek. 

Silica  (SIO,)  (total) 73.32 

Alumina  (Al,OJ    16.06 

Magnesia  (MgO) 70 

Lime  (CaO)   70 

Ferric  oxide  (FeO) 1.10 

Moisture  and  volatile 8.12 
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This  under-clay  is  hard  when  first  mined,  but  soon  weathers 
into  a  soft,  plastic  mass.  The  thickness  of  the  stratmn  has  not 
been  determined.  Its  known  properties  are  such  as  to  merit 
further  investigation. 

A  bore  put  down  on  the  Myers  farm,  just  north  of  the  C,  H. 
&  D.  Eailway,  in  the  west  half  of  the  northwest  quarter  of  sec- 
tion 22  (16  north,  8  west),  encountered  the  following  strata : 

Section  of  Bore  on  Myers  Farm. 

Feet,       Inchet, 

1.  Reddish  clay   8  0 

2.  Dark  sandy  shale 7  0 

3.  Black  gumbo;  possibly  place  of  coal 3  0 

4.  Fine  fire  and  potters'  clay 6  0 

5.  Potters'  clay  and  shales  in  layers 64  0 

6.  Coal 0  5 

7.  Fire-clay,    potters'    clay   and   shales   of   various 

colors    32  0 

8.  CJoal 2  0 

9.  Fire-clay,  potters'  clay  and  shales 86  0 

This  bore  indicates  the  presence  of  an  abundant  supply  of  clay 
working  material  which  can  be  secured  by  mining ;  but  it  proves 
a  lack  of  fuel  for  its  burning.  However,  the  latter  can  be  gotten 
in  abundance  at  Mecca  and  other  points  a  few  miles  to  the  south- 
west. 

Three  miles  northwest  of  Bloomingdale,  on  the  land  of  E.  A. 
Coffin,  northeast  quarter  of  section  9  (16  north,  8  west),  is  the 
head  of  "Coke  Oven  Hollow,"  a  deep  ravine  leading  down  to 
Sugar  Creek,  and  long  locally  noted  for  the  quantity  and  variety 
of  its  clays.  A  pottery  was  established  in  this  ravine  in  1866,  and 
continued  in  operation  until  1891.  It  was  located  on  ground 
made  vacant  by  the  mining  of  .under  and  potters'  clay  for  ship- 
ment over  the  old  Wabash  &  Erie  Canal,  which  was  connected 
by  a  feeder  with  the  mouth  of  the  ravine,  and  for  use  in  the 
pottery  at  Annapolis. 

A  connected  section  of  the  strata,  in  the  upper  half  of  this 
ravine  is  as  follows: 

Sectwn  in  Coke  Oven  Hollow, 

Feet,       Inches. 

1.  Soil  and  yellow  drift  clay 8  0 

2.  Buff  clayey  shale 27  0 

3.  Hard  gray  sandy  shale 4  6 
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4.  Coal  V  . . . , 1  3 

5.  Under-clay    3  4 

6.  Blue  clayey  shale 8  8 

7.  "Iron  sandstone"   1  0 

8.  Plastic  potters'  clay 22  0 

9.  Dark,  hard,  sandy  shale,  merging  into  sand  rook.  21  0 

10.  Coal  IV 2  8 

11.  Under-clay    3  10 

» 

The  potters'  clay  (No.  8)  is  doubtless  the  same  stratum  as  the 
one  worked  south  of  Bloomingdale ;  the  overlying  "iron  sand- 
stone" of  the  two  being  identical  in  appearance.  In  its  crude 
form  the  potters'  clay  at  "Coke  Oven  Hollow"  contains  more 
or  less  impurities,  but  when  carefully  washed  and  mixed  with 
about  one-eighth  its  bulk  of  under-clay,  it  burns  into  that  strong, 
gray,  vitrified  stoneware  which,  since  1841,  has  been  made  at 
the  Annapolis  pottery. 

The  two  shales  (Nos.  2  and  6  of  the  above  section)  are  valuable 
deposits;  suitable  in  the  highest  degree  for  paving  brick,  sewer 
pipe  or  other  vitrified  products.  The  fire-clays  (Nos.  5  and  11) 
are  also  excellent  in  quality.  Sample  brick,  made  from  the  lower 
clay  (No.  11)  have  been  tested  a  number  of  times  and  have  held 
their  own  in  refractory  properties  with  the  best  fire  brick  in  the 
market.  Large  quantities  of  this  clay  were  formerly  shipped  by 
the  canal  to  Toledo,  Ohio,  and  points  in  northern  Indiana.  The 
sandy  shale  (No.  9)  contains  too  large  a  percentage  of  silica  and 
mica,  in  coarse  particles,  to  be  of  value. 

The  outcrops  of  the  lower  vein  of  coal  (No.  10)  have  been 
mined  for  many  years.  It  is  a  bituminous  coal  of  good  quality, 
and,  locally,  much  valued  for  smithing  purposes.  Taken  by  itself 
the  vein  is  too  thin  for  profitable  working.  Mined  in  connection 
with  the  overlying  clays  as  fuel  for  their  burning,  a  profitable 
industry  could  be  started  here  were  it  not  for  the  lack  of  trans- 
portation facilities.  Until  these  are  secured  the  valuable  min- 
eral deposits  of  "Coke  Oven  Hollow"  must  remain  practically 
undeveloped. 

In  the  vicinity  of  Montezuma,  Parke  County,  and  Hillsdale, 
Vermillion  County,  are  found  some  of  the  largest  and  best  de- 
posits of  shale  and  under-clay  occurring  in  the  State  of  Indiana. 
The  Wabash  Eiver,  fiowing  almost  due  south  between  the  towns 
mentioned,  forms  the  boundary  line  separating  the  two  counties. 
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Montezuma  is  situated  on  the  eastern  bank  of  the  river,  on  the 
edge  of  a  river  terrace,  35  feet  above  low  water  mark.  This 
level  terrace  or  river  plain  extends  eastward  one  and  one-half 
miles  and  there  meets  the  bluff  or  upland  which  marks  the  east- 
em  bank  of  the  old  river  channel.  On  the  western  side  of  the 
river  a  stretch  of  level  land,  overflowed  during  high  waters,  ex- 
tends for  three-fourths  of  a  mile  to  a  very  narrow  terrace,  on 
which  the  town  of  Hillsdale  is  partly  located,  and  from  the  west- 
em  gide  of  which  the  bluffs,  marking  the  western  bank  of  the 
old  river,  rise  abruptly. 

The  deposits  of  shale  and  fire-clay  above  mentioned  are  found 
in  the  bluffs  on  both  sides  of  the  Wabash  River.  The  C,  H. 
&  D.  Railway  runs  east  and  west  through  Montezuma  and  Hills- 
dale. One-eighth  of  a  mile  west  of  whore  it  strikes  the  bluff  in 
Parke  County  it  is  crossed  by  the  C.  &  E.  I.  Railway  running 
north  and  south.  A  tract  of  120  acres  of  land,  located  in  the 
southeastern  angle  of  their  intersection,  is  owned  by  the  Marion 
Brick  Company  which,  since  1895,  has  operated  here  the  largest 
ordinary  brick  plant  in  the  State.  A  short  distance  east  of  their 
factory  is  the  Montezuma  plant  of  the  National  Drain  Tile  Com- 
pany, which  secures  raw  clay  from  the  land  of  the  Marion  Brick 
Company.* 

A  connected  section  obtained  on  the  sides  of  the  bluff  and  in 
a  well  at  its  base  on  this  land,  and  on  that  of  Thomas  Morgan, 
southwest  quarter  section  31  (16  north,  8  west),  adjoining  it  on 
the  south,  disclosed  the  following  strata: 

Section  Near  Plant  of  Marion  Brick  Co.,  East  Montezuma, 

Feet.       Ineket. 

1.  Surface  soil  and  gravel 8  0 

2.  Drab  argillaceous  shale 12  0 

3.  Clay  ironistone  * 0  3 

4.  Black  bituminous  sheety  shale 1  4 

5.  Drab  sheety  shale 1  0 

6.  Coal  Va 1  2 

7.  Under-clay 7  0 

8.  Gray  to  brownish  sandy  shale 14  0 

9.  Gray  to  blue  clayey  shale 29  0 

10.  Dark  bituminous  shale 1  4 

11.  Coal  Va  1  8 

12.  Under-clay 1  0 

13.  Blue  shale   9  0 

^Fnll  details  reffardinr  these  two  plants  will  be  foand  ander  a  later  section  entitle^ 
"The  Clay  Industries  of  Indiana." 
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The  pit  of  the  Marion  Brick  Company  has  been  opened  to  a 
depth  of  56  feet  for  200  yards  or  more  along  the  slope  of  the 
hill,  so  that  only  the  strata  Nos.  8  to  12  are  exposed.  From  the 
section  it  will  be  seen  that  not  less  than  58  vertical  feet  of  work- 
able material  are  comprised  in  the  shales  ITos.  2,  9  and  13,  and 
the  two  under-clays,  Nos.  7  and  12,  at  the  points  mentioned.  The 
gray  sandy  shale.  No.  8  of  this  section,  merges  into  a  shaly  sand- 
stone, too  siliceous  for  use,  at  a  number  of  points  in  the  pit,  and 
hence  necessitates  heavy  stripping  to  get  at  the  main  bed  of 
shale,  No.  9. 

This  bed  of  bluish-gray  shale  is  so  soft  as  to  be  easily  scratched 
by  the  nail,  exceedingly  fine  grained,  and  has  a  very  smooth  and 
unctuous  feel.  Where  exposed  vertically  by  erosion,  it  weathers 
at  first  into  small  quadrangular  blocks  a  few  inche^  in  surface 
dimensions.  These  in  time  break  up  into  finer  particles,  which 
are  washed  down  and  give  a  characteristic  grayish  yellow  tinge 
to  the  surface  of  the  bluff  for  miles  in  either  direction.  Occa- 
sional nodules  of  kidney  iron  ore  are  found  in  the  lower  part  of 
this  stratum. 

When  burned  to  near  the  point  of  vitrification  this  shale  be- 
comes a  bright  cherry  red.  When  vitrified  it  is  a  dark  brown, 
but  if  heated  beyond  this  point  it  quickly  becomes  black,  porous 
and  worthless.  It  is  especially* suited  for  making  vitrified  prod- 
ucts, such  as  sewer  pipe  and  hollow  brick  and  also  dry  pressed 
brick  for  the  fronts  of  buildings.  It  also  makes  an  excellent 
roofing  tile,  as  the  very  thin  sheets  of  clay,  when  properly  pre- 
pared for  the  kiln,  do  not  shrink  or  warp  to  any  appreciable  ex- 
tent while  burning.  For  ten  years  it  has  been  used  for  ordinary 
brick  by  the  Marion  Brick  Company.  In  June,  1904,  this  com- 
pany was  using  a  steam  shovel  which  excavated  660  cubic  yards 
per  day,  all  of  which  was  used  at  their  plant,  being  hauled  up 
an  incline  in  cars  holding  three  cubic  yards  each. 

The  upper  under-clay.  No.  7,  where  exposed  on  the  Morgan 
land,  is  an  almost  white,  highly  siliceous  deposit,  remarkably 
free  from  oxides  of  iron  and  other  impurities.  Large  quantities 
of  it  were  formerly  burned  into  fire-brick  and  saggars  by  a  roof- 
ing tile  company  at  Montezuma.  The  brick  were  finer  in  texture 
and  more  compact  than  those  made  from  the  fire-clay  at  Hills- 


10()  llEPORT    Ot   StATte    GEOLOGIST. 

dale  and  Highland,  across  the  river.  For  the  purposes  used,  their 
refractoriness  gave  the  highest  satisfaction. 

The  National  Drain  Tile  Company  have  one  of  their  four  In- 
diana factories  located  about  600  feet  east  of  that  of  the  Marion 
Brick  Company,  and  use  clay  from  the  same  general  deposit, 
paying  therefor  a  royalty  of  5  cents  per  ton.  In  the  words  of 
the  president  of  that  company,  "they  had  better  have  paid  $1,000 
an  acre  for  the  land  than  royalty  of  5  cents  per  ton  for  five 
years." 

In  June,  1904,  the  tile  company  was  securing  clay  from  a  low 
spur  of  the  main  hill,  a  section  at  their  pit  showing : 

Section  of  Pit  of  National  Drain  Tile  Co.,  East  Montezuma. 

Feet.       Inches, 

1.  Yellow  surface  clay G  0 

2.  Drab  to  blue  shale 5  0 

3.  Dark  bituminous  sbale 1  6 

4.  Coal  Va  1  8 

All  of  Nos.  1  and  2  are  intimately  mixed  and  worked  into 
drain  tile  four  to  30  inches  in  size.  These  tile  are  not  vitrified, 
being  burned  only  three  to  four  days.  Some  care  has  to  be 
taken  with  the  larger  sizes  as  they  are  liable  to  crack  while  dry- 
ing. Otherwise  the  mixture  of  raw  material  seems  in  every  way 
suitable  for  a  durable  product  of  a  handsome,  dark  cherry  red 
color.  The  water  supply  of  both  these  large  plants  is  pumped 
from  liOatherwood  Creek  to  a  height  of  150  feet  into  storage 
tanks  on  top  of  the  hill  just  south  of  the  factories. 

The  bluff  for  two  miles  north  and  nearly  the  same  distance 
south  of  the  plant  of  the  Marion  Brick  Company  is  largely  com- 
posed of  the  above  mentioned  shales  and  fire-clays.  On  the  lands 
of  O.  P.  Brown,  sections  30  and  19  (16  north,  8  west),  one-half 
mile  east  of  the  C.  &  E.  I.  Railway,  the  shales  are  especially 
notable;  at  one  point,  the  northwest  quarter  of  section  30,  the 
exposure  of  the  gray  and  blue  varieties  together  measuring  51 
feet  in  vertical  thickness. 

By  the  side  of  the  Rockville  and  Montezuma  road,  on  the 
land  of  Benjamin  Phillips,  valuable  deposits  of  similar  materials 
also  occur.  A  bed  of  buff  shale  25  feet  thick  overlies  a  thin 
seam  of  coal.    Beneath  this  is  a  vein  of  fire-clay  six  feet  in  thick- 
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ness,  and  lower  down  a  deposit  12  feet  thick,  of  superior  argilla- 
ceous shale  of  the  kind  locally  known  as  "soapstone."  Both  this 
and  the  upper  shale  are  very  free  from  impurities  and  weather 
into  a  very  fine-grained,  plastic  clay.  The  point  where  they  are 
found  is  one  and  a  half  miles  from  the  C,  H.  &  D.,  and  one  mile 
from  the  C.  &  E.  I.  Kailway. 

Township  15  North,  Ranges  6, 1 ,  8  and  9  West 

West  of  HoUandsburg,  in  section  9  (15  north,  6  west),  is  a 
eonspicuous  bluff  along  a  small  tributary  of  Raccoon  Creek,  in 
which  26  feet  of  yellow  and  drab  argillaceous  shale  is  exposed, 
and  can  be  easily  secured  by  stripping.  On  the  hill  north  of 
Ferndale,  section  27  (15  north,  6  west),  is  a  bed  of  drab  argilla- 
ceous shale  more  than  30  feet  thick,  overlain  by  a  heavy  bed  of 
drift.  Both  of  the  above  deposits  will  be  found  suitable  for 
vitrified  products. 

On  the  east  side  of  Troutman's  Branch,  west  of  the  Hollands- 
burg-Mansfield  road,  near  the  middle  of  section  16  (15  north,  6 
west),  is  a  nearly  perpendicular  bluff  of  blue-drab  shale  40  feet 
or  more  in  thickness,  with  little  covering.'  The  upper  part  of 
the -bed  has  a  dull  yellow  to  buff  color,  the  lower  part  a  blue- 
drab.  The  shale  is  nearly  uniform  in  texture  throughout  the 
bed,  except  a  stretch  three  to  four  inches  thick  near  the  middle, 
which  is  a  fine  grained  sandstone. 

A  section  of  the  bluff  shows : 

1.  Glacial  drift  and  soil 2  to  3  feet 

2.  Blue-drab  shale,  weathered  buff  on  the  surface 

and  containing  a  layer  of  sandstone  3  to  4  inches, 
exposed 35  feet 

The  shale  extends  below  the  level  of  the  creek,  and  the  total 
thickness  is  unknown.  On  the  northeast  quarter  of  the  north- 
east quarter  of  the  same  section,  on  a  tributary  of  Troutman's 
Branch,  about  25  feet  of  yellowish  brown  to  drab  shale  are  ex- 
posed above  a  four  inch  vein  of  coal,  while  beneath  the  coal  is  an 
eight  foot  layer  of  drab  colored  under-clay.  Other  exposures  of 
shale  occur  along  Troutman's  Branch,  but  none  were  observed 
so  large  or  so  favorably  situated  for  development  as  the  ones 
above  described. 
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A  more  compact  fonn  of  blue  shale  has  been  quarried  to  some 
extent  in  section  5  (15  north,  6  west),  for  use  in  fire  places, 
because  of  its  fireproof  qualities. 

Along  Lakey's  Branch  on  the  south  half  of  section  33  (15 
north,  7  west),  occur  a  number  of  exposures  of  clay  and  shale. 
Several  slope  shafts  to  coal  V  have  been  opened  in  this  vicinity. 
A  general  section  along  the  branch  as  given  by  Ashley  (1898 
Report,  p.  328),  is  as  follows : 

Section  on  Lakey's  Branch. 

Feet.  Inckea, 

1.  Limestone  not  seen  in  place. 

2.  Liglit  drab  clay  shale 8  (H- 

3.  Coal  V  2  6 

4.  Bone  coal  and  pyrite 0  G 

5.  Light  drab   fire-clay 2  0 

C.  Gray  shale,  in  places  merging  into  thin  beds  of 

sandstone  15  0 

7.  Gray   sandy  shale 3  0 

8.  Bone  coal   0  10 

9.  Black  bituminous  shale  with  streaks  of  coal...  9  0 

10.  Drab  fire-clay  with  streaks  of  coal 1  0 

11.  Gray  shale   3  0 

Of  the  strata  shown,  Nos.  2,  5,  10  and  11,  aggregating  14  feet 
in  vertical  thickness,  can  be  made  into  clay  products.  Wherever 
the  gray  shale  Ifo.  6  does  not  carry  too  much  silica  it,  also,  can 
be  used.  If  a  mixture  from  it  and  the  material  from  the  other 
strata,  is  made,  most  of  No.  6,  as  exposed,  can  be  so  used.  The 
Central  Indiana  Railway  passes  \vitliin  ono-fourth  of  a  mile  of  all 
these  exposures. 

On  the  Mary  McAlister  place,  southwest  of  southwest  of  sec- 
tion 34,  a  50  foot  drilling  is  reported  to  have  gone  through  four 
or  five  feet  of  coal  at  a  depth  of  33  feet,  shale  being  encountered 
all  the  way  to  the  coal.  In  the  northwest  of  southeast  of  section 
35,  on  the  Jackson  Nevins  place,  a  section  showed: 

Section  on  Nevins  Farm. 

fett.       Inehet, 

1.  Gray  shale  3  0 

2.  Drab  shale  6  0 

3.  Coal  IV  5  4 

4.  Black  shale 0  6 

5.  Shale,  merging  into  gray  shaly  sandstone 6  6 
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The  nine  feet  of  shale  above  tlie  coal  can  be  used  in  making 
vitrified  and  ordinary  brick. 

Four  and  a  half  miles  west  of  Kockville,  along  the  stream 
known  as  Kocky  Kun,  in  the  northwest  quarter  of  section  3  and 
the  northeast  quarter  of  section  4  (15  north,  S  west),  occurs  a 
large  deposit  of  exceedingly  fine  grained  sandy  clay  known  as 
"slip-clay."  This  is  a  natural  glaze,  of  a  highly  fusible  quality, 
which,  when  melted  over  the  surface  of  stoneware  gives  to  it  a 
brilliant  color  and  finish.  The  essential  property  of  a  slip-clay 
is  low  fusibility,  for  it  must  melt  at  a  lower  temperature  than 
the  clay  used  in  the  body  of  the  ware,  else  the  latter  will  not 
stand  up  under  the  heat  required  to  melt  the  glaze.  The  best 
slip-clay  in  use  among  potters  comes  from  Albany,  Kew  York, 
and  costs,  in  small  lots,  about  $1.80  per  barrel.  To  the  ware 
made  from  the  potters'  clay  found  at  Bloomingdale  and  Coke 
Oven  Hollow  this  gives  a  brilliant,  smooth,  dark  brown  surface. 
The  slip-clay  from  Kocky  Run  is  used  by  the  potters  of  western 
Indiana  to  glaze  the  inside  of  the  ware.  It  gives  a  reddish- 
brown  glaze,  somewhat  rougher  than  that  produced  by  the  Al- 
bany slip. 

The  Kocky  Run  slip-clay  was  analyzed  by  Dr.  l^evette*  and  its 
constituents  found  to  be  as  follows: 

Analysis  of  R<x'ky  Run  **  Slip- CI  ay. 

Silica  (SIO,) ' 55.20 

Alumina  (ALO,)  14.40 

Clay  base  and  sand 09.60 

Ferric  oxide   (Fe.0 9.40 

Manganic  oxide  (MnO.) " 1.80 

Lime  (CaO) G.12 

Magnesia  (MgO)   90 

Soda  (Na,0) 52 

Sulphuric  anhydride  (SO,) 34 

Fluxes    19.08 

Moisture  and  volatile 8.60 

Comparing  with  the  last  column  of  these  figures  the  following 
average  composition  of  the  six  slip-clays  used  in  the  leading  pot- 
teries of  Ohio, 

^Jleport  of  the  Geological  Surrey  of  Indiana,  1878,  p.  159. 
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Clay  base  and  sand 69 

Fluxes    21 

Moisture  and  volatile 9 

we  see  that  the  Rocky  Run  clay  possesses  the  necessary  constit- 
uents of  a  successful  natural  glaze.  As  such  it  should  be  more 
thoroughly  investigated  by  Indiana  potters. 

Along  the  bluffs  of  Big  Raccoon  Creek  in  Wabash  Township 
are  some  of  the  leading  clay  deposits  of  Parke  County.  The 
most  valuable  of  these,  as  far  as  variety,  quality  and  accessibility 
of  the  clays  are  concerned,  are  found  just  east  of  Mecca,  on  the 
lands  of  the  Mecca  Coal  and  Mining  Company,,  southeast  quarter 
of  section  20  and  southeast  quarter  of  the  northwest  quarter  of 
section  20  (15  north,  8  west),  where  the  following  strata  are 
exposed  in  a  connected  section  beginning  near  shaft  No.  2  of 
the  Mecca  Coal  Company,  and  extending  down  the  ravines  to 
the  mouth  of  Oklahoma  Hollow,  and  in  the  shaft  of  No.  1  mine. 
Where  the  strata  vary  in  thickness,  the  average,  as  near  as  ascer- 
tained, is  given: 

Section  on  Land  of  Mecca  Coal  and  Mining  Company. 

Feet.       Inches. 

1.  Soil  and  drift '*liard  pan" 6  0 

2.  Light  blue  sandy  shalp 27  0 

3.  Black  bituminous  shale 2  0 

4.  Coal  Via,  double  vein  with  thin  fire-clay  parting.    1  9 

5.  Under-clay,  light  gray 5  0 

6.  Blue  shale    0  3 

7.  Coal  VI   0  to  1  6 

8.  Yellow  shaly  sandstone 2  6 

9.  Drab  to  buff  clayey  shale 31  0 

10.  Dark  sheety  bituminous  shale 1  0 

11.  Coal  Vb 1  6 

12.  Under-day,  bluish  gray 5  6 

13.  Soft,  dark  blue  clayey  shale 8  0 

14.  Dark  fossiliferous  limestone 0  G 

15.  Black  sheety  shale 2  0 

16.  Coal  Va 1  2 

17.  Under-clay,  dark  shaly 1  8 

18.  Blue  to  light  gray  clayey  shale 8  6 

19.  Dark  bituminous  shale  with  streak  of  coal  at 

base  4  0 

20.  Under-clay,  light  gray 3  6 

21.  Sandy  shale  or  "fake"  in  layers  2  to  4  inches 

thick   17  0 
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22.  Dark  bltumipous  shale 3  6 

23.  Coal  IV  3  8 

24.  Under-clay.  bluish  gray 4  C 

25.  Dark  bituminous  shale 4  0 

26.  Coal  III    5  8 

27.  Under-clay,  merging  into  sandstone 2  6 

Total    155  2 

Outcrops  of  all  the  above  strata,  as  far  as  No.  21,  are  visible 
along  the  sides  of  the  ravines,  as  far  down  as  the  bottom  of 
Oklahoma  Hollow.  The  measurements  of  Nos.  21  to  27,  inclu- 
sive, were  obtained  in  the  shaft  of  No.  1  mine. 

Of  the  shales  and  under-clays,  Nos.  2,  5,  9,  12,  13,  18,  20, 
24  and  27,  aggregating  not  less  than  94  feet,  and  in  places  107 
feet  in  vertical  thickness,  occur  iji  the  area  mentioned.  Of  these, 
the  following  are  of  such  value  as  to  be  worthy  of  more  ex- 
tended mention: 

The  light  blue  shale  (No.  2)  is  located  by  the  side  of  the 
switch  running  to  No.  2  coal  shaft,  and  can  be  easily  stripped 
and  loaded  directly  into  cars.  It  contains  a  large  amount  of  free 
silica  in  fine  grained  particles.  Three  thin  bands  of  kidney  iron 
ore  are  found  in  the  lower  half  of  this  stratum  at  intervals  of 
two  feet  apart. 

The  bed  of  drab  and  buff  cl&yey  shale  (No.  9)  is  a  most  valu- 
able deposit.  It  is  so  situated  that  millions  of  tons  can  be  loaded 
directly  onto  the  switch  running  to  coal  shaft  No.  1,  or  onto  a 
short  spur  easily  constructed.  Sixty  car  loads  of  it  were  at  one 
time  shipped  to  Chicago  Heights  and  used  by  the  Ludowici  Tile 
Company  for  making  roofing  tile.  Samples  have  also  been 
burned  into  red  pressed  front  brick  that  can  scarcely  be  equaled 
in  quality  or  appearance. 

The  stratum  of  dark  blue  clayey  shale  (No.  13)  is  sometimes 
separated  into  two  nearly  equal  beds  by  a  layer  of  brown  sand- 
stone a  foot  to  two  feet  in  thickness.  The  shale  has  been  prac- 
tically tested  in  the  making  of  paving  brick,  76  or  more  car  loads 
having  at  one  time  been  shipped  to  the  Indiana  Paving  Brick 
Company,  of  Brazil,  and  used  for  that  purpose.  The  bricks  from 
it  were  as  tough  and  durable  as  any  from  the  noted  stratum  of 
Brazil  shale,  to  be  described  hereafter.  No.  13  shale  is  softer 
and  smoother  to  the  sense  of  touch  than  any  of  those  overlying 
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it  in  the  section  given.  Near  the  bottom  of  this  stratum  are 
numerous  nodules  of  kidney  iron  ore  which  can  be  readily  thrown 
aside  by  the  miner. 

Analyses  of  average  samples  of  each  of  these  three  shales  were 
made  by  Dr.  \V.  A.  N^oyes  for  this  Department,  their  chemical 
constituents  being  found  to  be  as  follows: 

Analyses  of  Carboniferous  SKcdes  from  Land  of  Mecca  Coal  and  Alining  Company. 


No.  2. 
Per  Cent. 


No.  9. 
Per  Cent. 


No.  13. 
Percent. 


Silica  (SiO,) 

Titaniara  oxide  (TiO,) 

Alumina   AUO3) 

Water  combined 

Clay  base  and  snnd 

Ferric  oxide  (Fe.O,) . . 
Ferrous  oxide  (FeO) . . . 

Lime(CaO) 

Maffneaia  (MffO) 

Poto8h(K,0) 

SodavNa,0) 

Fluxes  

Carbon  dioxide  (C0|)'.. 

Totals 


59.77 

58.83 

.80 

70 

2-1.60 

22.34 

4.53 

5.22 

85.70 

87.09 

2.22 

5.13 

3  70 

1.44 

.64 

49 

198 

1.56 

3.10 

4.18 

.85 

.63 

12.49 

13.43 

.90 

100  52 

99.09 

59.02 
1.10 

20.93 
7  59 


88.64 


4.45 
1.56 

.51 
1.66 
2.92 

.41 


11.51 


100.15 


Although  much  more  sandy  in  general  appearance,  the  No.  2 
shale  is  seen  to  contain  less  than  one  per  cent,  more  silica  than 
No.  0,  and  only  .75  of  one  per  cent,  more  than  No.  13.  How- 
ever, the  rational  analysis  of  the  three  shales  shows  their  clay 
substance  to  make  up  respectively,  63.22,  68.89  and  72.00  per 
cent,  of  their  totals. 

Comparing  the  ^percentages  of  clay  base  and  sand  and  fluxes 
found  in  these  shales  with  that  of  the  standard,*  we  find  their 


Standard. 
Per  Cent. 

Clay  base  and  sand 84.78 

Fluxes    13.22 


Ao.  2,  No.  9.  No.  18. 

Per  Cent.  Per  Cent.  Per  Cent, 

85.70  87.09  88.64 

12.49  13.43 '  11.51 


chemical  composition  all  tliat  could  be  desired  for  the  making 
of  vitrified  products.  No.  2  will  be  found  to  be  better  suited 
for  brickmaking  than  for  sewco*  pipe  or  hollow  brick,  but  the 
other  two  can  be  made  into  any  desired  form  of  vitrified  material. 
Quantities  of  the  bluish-gray  under-clay  (No.  12),  have,  in  the 


"*  See  page  82. 
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past,  been  shipped  to  the  Northwestern  Terra  Cotta  Works  of 
Chicago  and  used  as  a  body  clay  in  the  making  of  structural 
terra  cotta.  The  upper  part  of  the  vein  burns  to  a  bright  buff 
and  the  lower  to  a  darker,  almost  tan  color.  Handsome  pressed 
front  brick  of  the  latter  tint,  made  from  this  deposit,  are  now  in 
the  State  collection  of  Indiana  clay  products. 


Fig.  3.    Map  of  Mecca  and  vicinity,  showing  location  of  shale  and  clay  deposits. 


Under-clay  No.  20,  outcropping  beneath  the  switch  leading  to 
coal  shaft  No.  1,  is  another  valuable  deposit.  It  is  very  soft  and 
plastic  where  exposed,  and  so  light  colored  that  it  is  often  used 
by  miners  for  whitewashing.  It  burns  to  a  handsome  light  buff, 
and  a  number  of  samples  of  high  grade  front  brick  have  been 
made  from  it  by  the  Cayuga  Pressed  Brick  Company. 

Under-clay  No.  24  of  the  above  section,  found  just  below  the 

8— Geology. 
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upper  vein  of  worked  coal,  when  first  mined  is  a  very  hard,  light 
gray  clay,  with  fragments  of  stigmaria  and  other  plant  remains 
scattered  through  it.  When  exposed  it  soon  weathers  into  a 
soft,  plastic  material.  It  varies  in  thickness  from  two  to  five  feet. 
Whenever  coal  IV  comes  down  to  within  five  feet  of  coal  III,  as 
it  does  in  places,  the  whole  interval  is  taken  up  with  this  under- 
clay.  Where  the  distance  between  the  two  coals  is  greater  than 
five  feet,  the  lower  portion  of  the  interval  is  a  dark  bituminous 
shale.  In  the  No.  1  mine,  the  interval  as  noted  in  the  above 
section,  is  13+  feet.  In  the  new  mine,  No.  3  in  Oklahoma  Hol- 
low, the  two  coals  are  10  feet  apart  and  the  under-clay  beneath 
the  upper  vein  five  feet  thick.  In,  some  places  the  interval  is  as 
much  as  16  feet. 

Thei  under-day.  No.  27,  found  beneath  coal  III,  is  a  hard,  dark 
gray  clay,  also  with  stigmaria  or  plant  remains.  It  runs  only 
about  two  and  a  half  feet  in  thickness  when  it  merges  into  a 
dark  gray  sandstone. 

Analyses  of  under-clay s  Nos.  12  and  20  were  made  for  the 
1895  clay  report  by  Dr.  Noyes,  and  those  of  Nos.  24  and  27 
for  this  report  by  Dr.  Lyons.  The  results  of  the  four  analyses 
are  herewith  given  in  one  table  for  comparison : 

Analyses  of  Under-Clays  from  Land  of  Mecca  Coal  and  Mining  Co. 


No.  12. 
Per  Gent. 


No.  20. 
Per  Cent. 


No.  24. 
Per  Cent. 


SiUoa(8iOi) 

Titenium  oxide  (TiO.). 

Alnmina  (AUOa) 

Water  combined 

Clay  base  and  sand 

Ferric  oxide  (FciOs) .  •  • 
Ferrous  oxide  (FeO) . . . 

Lime  (CaO) 

Magnesia  (MgO) 

Potash  (KiP) 

Soda(Na,0) 

Flaxes 

ToUls 


54.46 
l.'.O 

26.71 
8.50 

63,00 
1.10 

23.67 
6.45 

67.65 
1.01 

19  97 
6.96 

89.87 

5.51 

.91 

.14 

.83 
2.68 

.33 

94.12 

1.87 

.46 

.44 

.89 
2.40 

.29 

94.59 

0.72 

"0.48 
0.59 
1.75 
2.29 

10.50 

6.85 

5.83 

100.37 

100.47 

100.42 

No.  27. 
Per  Cent. 


66.52 
1.02 

20.12 
6.13 


93.79 


1.03 

0.83 
0.69 
3.05 
2.57 


6.17 
99.96 


The  analyses  show  that  no  one  of  the  four  under-clays  is, 
properly  speaking,  a  refractory  or  "fire-clay,"  i.  e.,  a  clay  which 
will  make  high  grade  refractory  products,  such  as  furnace  brick, 
glass  pots,  gas  retorts,  etc.     To  make  such  products  the  clay 
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should  run  as  high  as  96  per  cent,  clay  base  and  sand;  and  not 
over  four  per  cent,  fluxes.  Clay  No.  24,  from  beneath  coal  IV,  is 
the  most  refractory  of  the  lot.  It  would  serve  well  as  a  bond 
clay  for  -non-plastic,  refractory  clays,  such  as  the  kaolinite  of 
Lawrence  and  Martin  counties  or  the  "fire-clay"  of  West  Monte- 
zuma. 

All  the  above  under-clays  are,  however,  well  suited  for  the 
making  of  sewer  pipe,  hollow  brick,  conduits,  flue  linings,  terra 
cotta,  pressed  front  brick,  etc.  Nos.  20,  24  and  27  can  also  be 
made  into  stoneware. 

The  Mecca  Coal  and  Mining  Company  mines,  from  the  land 
on  which  the  above  clays  are  found,  coals  III  and  IV  which,  in 
this  region,  are  semi-block  coals.  As  a  fuel  either  for  domestic 
or  manufacturing  purposes  they  take  rank  among  Indiana  coals 
second  only  to  "Brazil  Block."  At  Veedersburg  and  Montezuma 
and  at  the  Dee  Sewer  Pipe  Plant  at'  West  Mecca,  where  these 
coals  have  long  been  used  in  the  making  of  pa7ing  and  fire-brick 
and  sewer  pipe,  they  are  pronounced  the  best  fuel  which  can  be 
secured  for  burning  these  products.  Kunning  to  each  of  the  coal 
shafts,  and  passing  by  the  side  of  the  main  strata  of  shales  and 
fire-clays,  are  switches  of  the  C.  &  E.  I.  Railway.  Eaccoon 
Creek,  with  a  never-failing  supply  of  water,  is  within  one-eighth 
of  a  mile  of  the  leading  deposits.  With  an  unlimited  supply,  in 
great  variety,  of  the  better  grades  of  shales  and  fire-clays,  with 
good  transportation  facilities  already  constructed,  and  with  ex- 
cellent fuel  and  plenty  of  water — all  in  one  place — ^this  is  the 
most  eligible  location  for  a  great  clay  industry  which  Parke 
County  possesses.    Indeed,  few  better  can  be  found  in  the  State. 

On  the  western  bluffs  of  Big  Raccoon  Creek  similar  deposits 
occur  but,  while  extensive,  they  are  not  of  so  great  variety.  The 
Wm.  E.  Dee  Clay  and  Manufacturing  Company,  of  Chicago, 
owns  a  large  tract  in  the  southeast  quarter  of  section  19,  and  at 
the  foot  of  the  bluffs  is  operating  two  large  sewer  pipe  factories, 
one  of  which  was  erected  in  1895,  the  other  in  1904.  Combined, 
they  form  the  largest  clay  industry  in  the  State.  Since  1895, 
the  town  of  Mecca,  now  containing  1,200  population,  has  come 
into  existence  at  this  point. 

On  the  bluff  just  west  of  the  sewer  pipe  plants  Mr.  Dee  sunk 
a  test  shaft  6x6  feet  in  size,  which  disclosed  the  following  strata : 
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Section  of  Tesl  Shaft  on  Dee  Ixind  at  Mecca. 

1.  Soil  and  yellow  clay 8  €r 

2.  Coal  VI  1  2 

3.  Under-day    4  6 

4.  Gray  to  bine  clayey  shale. . .' ^. .  41  4 

5.  Coal  Vb 1  « 

G.  Under-clay    9  0 

Nos.  3,  4  and  6  of  the  section  are  used  in  the  two  factories, 
the  shale  being  mainly  used  In  the  old  one  in  making  sewer  pipe, 
and  the  under-clays  in  the  ,new  one  in  the  making  of  hollow 
brick,  .flue  linings,  etc.  Xo  less  than  1,452  car  loads  of  material, 
valued  at  $171,271  were  made  at  the  old  factory  alone  in  1903. 
The  pit  from  which  .the  shale  for  this  pipe  is  gotten  is  located 
about  150  yards  west  of  the  factory  on  the  slope  of  the  bluflF, 
the  shale,  when  blasted  dow^n,  being  hauled  in  carts  by  horse- 
power to  the  plant.  Ton  men  are  worked  in  the  pit.  A  fine 
grade  of  coal,  costing  $1.72  \^r  ton,  laid  down,  is  secured  from 
the  Mecca  Coal  and  Mining  Company's  Xo.  3  plant,  a  mile 
northeast.  There  is  little  doubt  but  that  both  No.  IV  and  No. 
Ill  coal  of  workable  thickness  w^ould  be  found  beneath  the  Dee 
Company's  tract,  should  a  shaft  be  sunk  to  their  levels.  Water 
is  secured  from  Tlaccoon  Creek,  a  few  hundred  yards  east  of  the 
plants.  Having  here  the  four  great  necessary  factors,  viz.,  raw 
materials,  transportation,  cheap  fuel  and  a  plentiful  water  sup- 
ply, the  Dee  Company's  success  was  assured  from  the  start. 
From  a  small  beginning  in  1805  it  has  growm  gradually  into  one 
of  the  greatest  industries  of  western  Indiana. 

The  bhiff  west  of  the  town  of  Mecca  extends  north  about  two 
miles  and  south-southeast  to  Rosedale  and  bevond  the  countv  line. 
It  fonns  the  eastern  side  of  a  narrow  ridge  or  tongue  of  high 
lifnd,  underlain  by  coal  VI,  which  extends  northward  into  the 
angle  formed  by  tlie  junction  of  liaccoon  Creek  and  the  Wabash 
River.  West  of  Mecca  tliis  ridge  is  but  about  one  and  a  fourth 
miles  wide  and  100  or  more  feet  above  the  lowlands  bordering 
the  two  streams.  The  bed  of  shale  worked  by  Dee  at  Mecca  ex- 
tends clear  across  this  ridge  and  on  the  w^estern  side  outcrops 
with  a  25  foot  expasure  in  the  northwest  corner  of  section  25 
(15  north,  9  west),  near  the  junction  of  the  Mecca-Clinton  and 
river  roads, 


CLAYS    OF   PAKKE    COUKTY.  Il7 

The  Marion  Brick  Company,  of  Indianapolis,  operating  at 
Montezuma  and  Marion  two  of  the  largest  ordinary  brick  plants 
in  the  State,  recently  purchased  from  S.  Dixon,  36  acres  of  land 
one  and  a  fourth  miles  south  of  Mecca  in  the  northwest  of  the 
northwest  quarter  of  section  32  (15  north,  8  west).  This  land 
comers  on  the  C.  &  E.  I.  Railway  and,  for  the  most  part,  is 
included  in  the  upland  or  eastern  side  of  the  ridge  above  men- 
tioned. In  a  narrow  ravine  extending  back  from  the  lowland 
near  the  railway  into  the  ridge,  a  fine  bed  of  dove-colored  clayey 
shale  outcrops  with  an  exposure  of  30  feet,  with  only  two  or 
three  feet  of  overlying  surface.  Beneath  the  shale  is  a  20  inch 
vein  of  coal  overlying  five  feet  of  utfder-clay.  This  under-clay 
merges  intg  a  stratum  of  shaly  sandstone  two  or  three  feet  in 
,  thickness,  which  forms  the  roof  of  coal  VI,  here  three  feet  six 
inches  thick.  Underlying  coal  VI  is  a  vein  of  under-clay,  three 
to  five  feet  thick,  which  is  said  to  be  a  superior  potters'  clay. 
The  Marion  Brick  Company  paid  but  $70  an  acre  for  the  land, 
including  all  these  resources,  and  will  soon  erect  a  large  plant 
on  the  low  ground  next  to  the  railway  to  utilize  the  various  clay 
materials. 

South  of  the  Dixon  farm,  on  the  lands  of  Mrs.  S.  C.  Pruett, 
Freeman  Cox  and  George  Laverty,  in  sections  32  (15  north,  8 
west),  and  5  and  6  (14  north,  8  west),  the  same  shales  and  under- 
clays  are  found  in  profusion.  The  C.  &  E.  I.  Railway  either 
skirts  or  runs  through  these  lands  and  furnishes  an  excellent 
outlet  to  Chicago  and  other  northern  points,  while  the  T.,  H.  & 
L.  is  but  a  few  miles  to  the  southeast.  There  is  little  doubt  but 
that  this  valley  of  the  Raccoon  between  Mecca  and  Coxville  will, 
in  a  few  years,  be  the  seat  of  numerous  and  important  clay 
industries. 

Township  H  North,  Ranges  6,  7,  8  and  9  West, 

Beds  of  under-clay,  beneath  coal  I,  suitable  for  terra  cotta  or 
sewer  pipe,  are  exposed  in  the  northwest  quarter  of  section  4, 
and  in  the  northwest  and  southeast  quarters  of  section  14  (14 
north,  6  west). 

On  the  south  bluff  of  Otter  Creek,  northeast  quarter  of  section 
36  (14  north,  7  west),  a  mile  and  a  half  northwest  of  Carbon^ 
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and  one-half  mile  east  of  the  Central  Indiana  Eailway,  is  an 
exposure  of  shale  17  feet  thick.  The  upper  nine  feet  is  a  soft, 
grayish-blue  material  free  from  grit  and  seemingly  of  excellent 
quality  for  all  kinds  of  vitrified  products.  The  lower  eight  feet 
contains  more  silica  and  will  be  found  better  fitted  for  ordinary 
brick.  The  bottom  of  the  bed -is  hidden,  and  its  thickness  at  this 
point  is  therefore  unknown.  Otter  Creek  furnishes  an  abundant 
supply  of  water.  Coal  HI,  averaging  about  three  feet  three 
inches  in  thickness,  occurs  in  this  region,  and  will  probably  be 
found  from  10  to  18  feet  below  the  level  of  Otter  Creek  at  the 
point  mentioned,  with  a  bed  of  under-clay  beneath.  But  one  or 
two  feet  of  stripping  would  be  necessary  to  get  at  the  top  of  the 
shale. 

This  same  bed  of  shale  outcrops  along  Otter  Creek  in  various 
places  in  sections  31  and  32  above  the  point  mentioned.  A  spur 
of  the  Big  Four  Railway  runs  out  to  several  mines  in  section  32. 
By  the  side  of  the  spur,  on  the  land  of  Joseph  Dalton,  in  the 
southwest  quarter  of  that  section,  a  bed  of  drab  clay  shale  6-f  feet 
thick  occurs  just  over  coal  IV,  which  is  here  four  feet  three 
inches  thick,  with  a  bed  of  under-clay  three  and  a  half  feet  thick 
beneath  it.  Much  of  the  coal  has  been  worked  out  from  beneath 
this  region. 

One  mile  north  of  Bridgeton,  on  the  land  of  John  Johns, 
northwest  quarter  of  the  northeast  quarter  of  section  15  (14 
north,  7  west),  and  within  100  yards  of  the  Central  Indiana  Rail- 
way, a  slope  shaft  has  been  put  into  the  side  of  a  bluff  to  mine 
coal  IV.  On  the  side  of  the  hill,  at  the  mouth  of  the  shaft,  the 
following  section  is  exposed: 

Section  on  Johns  Farm,  North  of  Bndgeton,  * 

Fett.        Jnehet. 

1.  Soil  and  surface  clay 0  8 

2.  Buff  to  drab  clayey  shale 22  0 

3.  CJoal  IV  2  5 

4.  Bone  coal   1  0 

5.  Under-clay    6  0 

The  shale  No.  2,  where  exposed,  had  weathered  into  a  soft, 
plastic  clay,  having  every  appearance  of  a  good  vitrifying  mate- 
rial. The  under-clay,  No.  5,  was  of  a  light  gray  color,  very  free 
from  impurities,  and  weathered  on  the  exposed  face  into  fine 
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quadrangular  pieces,  indicative  of  its  superior  quality.  Where 
wet,  it  was  exceedingly  plastic,  and  it  can,  without  doubt,  be 
made  into  the  best  of  hollow  brick,  sewer  pipe,  flue  linings  and 
kindred  products,  also  into  stoneware. 

An  area  of  160  acres  south  of  the  shaft  opening  is,  without 
doubt,  underlain  with  the  same  shale  arid  clay.  Water  in  abun- 
dance can  be  secured  from  Raccoon  Creek,  one-half  mile  distant, 
and  with  a  railway  already  in  place,  this  tract  offers  an  excellent 
site  for  a  large  clay  industry. 

Along  a  small  stream  leading  northwest  from  the  Johns  open- 
ing, ^he  same  stratum  of  shale  outcrops  for  one-half  mile  or  more, 
in  places  20  to  25  feet  thick.  One  of  the  best  exposures  is  on 
the  L.  Martin  farm  in  the  southwest  quarter  of  section  10  (14 
north,  7  west),  where  the  shale  has  been  removed  to  make  room 
for  a  roadway. 

Just  west  of  this,  on  the  G.  K.  Martin  land,  wep.t  half  of  the 
southwest  quarter  of  section  10,  coal  IV  was  being  stripped  along 
a  branch  in  October,  1904.     The  section  exposed  showed : 

Section  on  G.  K,  Martin  Farm,  North  of  Bridgeton,  Ind. 

Feet,       Inchee, 

1.  AUuvial  surface  soil  and  clay 3  0 

2.  Shale    2  10 

3.  Coal  IV  2  4 

4.  Under-clay    1+  0 

Tjie  shale  stratum,  20  feet  thick,  occurs  near  the  surface  over 
200  or  more  acres  in  the  upland  just  to  the  south  and  west,  while 
the  under-clay,  three  and  a  half  to  four  feet  thick,  is  exposed  in 
several  places  150  yards  farther  down  the  stream.  A  bore  put 
dowp  on  the  G.  K.  Martin  land,  northeast  of  north>yest  of  section 
15,  passed  through  the  following  strata : 

Sedition  of  Bore  No.  4  on  G.  K.  Martin  Land. 

FeeL 

1.  Surface  clay " 4 

2.  Light  drab  to  buff  shale 33 

3.  Blue  shale   4 

4.  CJoal  IV 3 

5.  Under-clay    4 

6.  Sand  rock  38 

7.  Lime  rock  9 

8.  Coal  III 4 


I 
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One-half  mile  southeast  of  Minshall,  in  the  northwest  quarter 
of  section  17  (14  north,  7  west),  a  bore  put  down  near  shaft  No. 
7,  disclosed  the  presence  of  the  following  underlying  strata : 

Record  of  Bore  Near  Shaft  No,  7,  Sotttheast  of  Minshall, 

Fwi,      IwiKm. 

1.  Surface    4  0 

2.  Fire-clay   " 3  0 

3.  Black  shale 8  0 

4.  Coal    1  6 

5.  Fire-clay   4  6 

6.  Black  shale   2  6 

7.  Blue  limestone   3  0 

8.  Light  clay  shale 9  6 

9.  Gray  shale   24  0 

10.  Dark  blue  shale 23  6 

11.  Coal    0  6 

12.  Fire-clay    3  6 

13.  Black  shale,  coal  mixed 2  0 

14.  Fire-clay    4  6 

15.  Black  shale   9  0 

16.  Coal    0  6 

17.  Fire-clay    4  0 

This  bore  showed  the  presence  in  that  vicinity  of  76^  feet  of 
shale  and  under-clays,  embraced  in  Nos.  2,  5,  8,  9,  10,  12,  14  and 
17  of  the  above  section.  This'out  of  a  total  of  107^  feet  shows 
a  plentiful  supply  of  clay  working  materials.  Switches  from  the 
T.  H.  &  L.  Railway  are  already  in  place  and  coal  in  abundance 
is  mined  within  one-half  mile. 

In  the  vicinity  of  Caseyville,  near  the  Clay  County  line,  thick 
deposits  of  both  shale  and  fire-clay  have  been  exposed  in  mining 
the  block  coal  No.  IV.  Switches  from  three  railroads  penetrate 
this  region  and  give  abundant  facilities  for  shipping.  At  the 
Superior  No.  2  mine,  southwest  quarter  of  section  35  (14  north, 
7  west),  operated  by  Zeller,  McClelland  &  Co.,  of  Brazil,  the 
following  section  was  obtained  from  the  shaft : 

Section  of  Superior  No,  S  Shaft. 

Feet,       Ineket, 

1.  Surface GO  0 

2.  Black  shale 7  0 

3.  Coal  V  4  6 

4.  Under-clay    5  0 

5.  Shale 15  0 

6.  Coal  IV  •. . .  4  4 

7.  Under-clay    ...,., ..,.,..,,  4  6 
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The  shale  No.  5  is  a  dark  blue,  clayey  material,  while  the 
under-clay,  No.  7,  is  a  fine  quality  of  dark  gray  plastic  fire-clay, 
similar  to  that  of  the  same  horizon  which  is  used  so  extensively 
at  Brazil.  Much  of  this  under-clay  has,  in  the  past,  been  loaded 
for  shipment  to  Chicago,  there  to  be  made  into  terra  cotta.  It 
brought  45  cents  a  ton  at  the  mine.  As  some  of  it  had  to  be 
taken  up  to  make  height  in  the  rooms  and  entries,  a  fair  profit 
was  realized  at  this  price.  Thousands  of  tons  of  it,  mixed  with 
other  useless  materials,  have  gone  to  waste  on  the  dump. 

In  the  Coxville-Eosedale  area,  southwest  quarter  of  township 
14  north,  8  west,  a  general  section,  as  given  by  Ashley,*  shows 
the  first  50  feet  as  follows : 

General  Section  in  CoxvUle-Rosedale  Area. 

Feet,       Jncke». 

1.  Surface    1  0 

2.  Under-clay    7  0 

3.  Sandstone   : 5  6 

4.  Drab  shale  0  6 

5.  Coal  VI 5  0 

6.  Under-clay    4  0 

7.  Light  gray  clayey  shale > 20  0 

8.  Drab  shale 1  0 

9.  Coal  Vb  '. 0  10 

10,  Under-clay    0  6 

The  shale,  No.  7,  and  the  under-clay,  No.  6,  are  the  same 
strata  as  are  used  so  extensively  at  the  Dee  sewer  pipe  works  at 
Mecca;  the  shale  occurring  between  coals  VI  and  Vb,  and  the 
under-clay  below  the  former  over  a  large  area  in  southwestern 
Parke  County. 

At  the  No.  6  shaft  of  the  Parke  County  Coal  Company,  in  the 
northwest  quarter  of  section  27  (14  north,  8  west),  a  bed  of  shale 
53  feet  thick  was  encountered  after  passing  through  10  feet  of 
overlying  drift  material.  The  greater  part  of  this  was  suitable 
for  manufacturing  purposes.  The  fire-clay  beneath  the  worked 
vein  of  coal  (No.  VI)  runs  from  four  to  six  feet  in  thickness  in 
the  region,  and  merges  into  sandstone. 

Northwest  of  Coxville,  in  the  area  between  Irons  and  Little 
Raccoon  creeks,  are  some  excellent  deposits  of  shale  and  under- 
clay.    One  of  these,  on  the  land  of  W.  W.  Ray,  west  half  of  sec- 
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tion  15  (14  north,  8  west),  is  on  a  spur  of  the  T.  H.  &  L.  Rail- 
way. Coal  VI  is  here  four  and  a  half  feet  thick,  with  18  feet  of 
a  fine  quality  of  shale  above  it  and  four  to  nine  feet  of  under- 
clay  below  it.  A  sample  of  this  under-clay,  analyzed  by  Dr. 
N"oyes,  showed  the  following  chemical  composition: 

Analynis  of  Under-day  from  lAtnd  of  W.  W.  Ray. 

Pbt  Cetit 

Silica  (SIOJ 53.91 

Titanium  oxide   (TiO,) 1.60 

Alumina  (AUOJ  ' 26.18 

Water  combined  7.99 

Clay  base  and  sand 89.68 

Ferric  oxide  (FejO,) 3.39 

Ferrous  oxide  (FeO) 1.25 

Lime  (CaOs)   30 

Magnesia  (MgO)   95 

Potash  (K,0)   3.60 

Soda  (Na,0) 44 

Fluxes   9.93 

Carbon  dioxide  (COJ .25 

Total 99.86 

The  analysis  proves  the  chemical  fitness  of  the  clay  for  making 
all  kinds  of  vitrified  products,  and  especially  sewer  pipe,  hollow 
brick,  flue-linings,  chimney  tops,  etc.  Combined  with  the  over- 
lying shale,  it  will  make  a  good  vitrified  brick.  It  will  also  burn 
into  a  handsome  dry  pressed  front  building  brick. 

A  burned  sample  of  the  overlying  shale  furnished  me  by  Supt. 
F.  T.  Hatch^  of  the  Vandalia  Railway,  shows  that  its  vitrifying 
qualities  are  perfect.  With  good  railway  facilities^  plenty  of 
water,  and  an  abundance  of  coal,  all  present,  this  deposit  of  shale 
and  under-clay  offers  exceptional  advantages  to  any  one  seeking  a 
site  for  a  new  clay  industry. 

One  mile  northwest,  on  the  J.  P.  Cornelius  f  arm,  east  side  of 
section  9  (14  north,  8  west),  coal  Via  outcrops  with  six  feet  of 
fine  under-clay  beneath  it.  Both  shales  and  fire-clays  abound  on 
both  sides  of  the  high  ridge  extending  between  Irons  and  Bac- 
coon  creeks,  from  near  Coxville  to  and  above  Mecca. 
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In  the  Lyford  No.  2  coal  shaft,  west  half  of  section  13  (14 
north,  9  west),  the  upper  50  feet  of  a  section  shows: 

Part  of  Section  of  Lyford  No.  iB  Shaft. 

Feet.       Inchea, 

1.  Surface  (in  shaft) 8  6 

2.  Blue  shale 31  0 

3.  Gray  shale  11  6 

Coal  VI,  six  and  a  half  feet  in  thickness,  is  worked  at  a  depth 
of  143  feet,  with  six  feet  ten  inches  of  a  fine  quality  of  a  very 
plastic  under-clay  below  it.  Railway  switches  are  already  in 
place  and  water  in  abundance  can  be  obtained  from  the  Wabash 
River,  less  than  one  mile  to  the  west. 

The  southern  portion  of  Parke  County  extends  beyond  the 
limits  of  the  Wisconsin  drift  sheet,  and  its  surface  is  covered 
with  a  nearly  pebbleless  white  clay  several  feet  in  thickness, 
which  rests  upon  a  sheet  of  older  or  Illinoian  drift.  The  central 
and  northern  portions  of  the  county,  and  a  narrow  belt  along  the 
Wabash,  in  the  southern  iK)rtion,  are  covered  by  the  later  sheet 
of  till.  Wells  are  often  obtained  at  the  junction  of  the  two  drift 
sheets  at  depths  of  20  to  40  feet  on  plane  tracts,  and  somewhat 
greater  depths  on  the  moraines  or  drift  ridges. 

The  surface  clays  are  used  only  at  Bellmore,  where  about  36 
inches  of  a  swamp  deposit  are  made  into  drain  tile.  At  Rock- 
ville  wells  reach  the  bottom  of  the  newer  drift  at  about  25  feet. 
A  sample  of  a  yellow  surface  clay  from  near  Rockville  was  an- 
alyzed by  T.  W.  Smith,  and  its  composition  found  to  be : 

Analysis  of  Surface  Drift  Clay  from  Rockville. 

SUica  (SIO,)    66.84 

Alumina   (AljO,)    13.64 

Water  combined  4.22 

Clay  base  and  sand 84.70 

Ferric  oxide  (FejOg) 9.40 

Lime  (CaO)  1.36 

Magnesia  (MgO)   trace 

Potash  (KjO)    64 

Soda  (Na,0)    3.34 

Fluxes   14.74 

Total    99.44 
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The  analysis  proves  the  chemical  fitness  of  the  clay  for  ordi- 
nary brick  and  drain  tile.  The  percentage  of  iron  is  too  high  for 
vitrified  wares. 

From  what  has  been  said  it  may  be  seen  that  Parke  County 
abounds  in  clays  suitable  for  ordinary  and  pressed  front  brick, 
terra  cotta,  roofing  tile,  sewer  and  drain  pipe,  paving  brick,  stone- 
ware and  refractory  products.  Only  the  larger  and  more  notable 
deposits  have  been  mentioned  in  the  foregoing  pages.  Many 
others  of  as  good  quality  doubtless  occur.  These  rich  resources 
are  as  yet  practically  undeveloped.  Aside  from  a  few  small 
stoneware  potteries  and  brick  yards,  supplying  a  local  trade, 
there  are  but  three  factories  for  making  clay  products  located 
in  the  county,  viz.,  the  Wm.  E.  Dee  plant  at  Mecca,  and  the 
plants  of  the  Marion  Brick  and  Jfational  Drain  Tile  companies  at 
East  Montezuma.  These  have  been  started  since  the  former  clay 
report  was  issued,  and  have  met  with  unqualified  success  in  all 
their  operations.  They  are  but  the  forerunners  of  others  to  come, 
for  the  raw  material  is  there,  the  fuel  in  abundance  to  bum  it  is 
there,  four  railroads  pass  entirely  through  the  county,  and  two 
others  touch  its  borders,  all  ready  to  carry  the  completed  products 
to  the  four  quarters  of  the  globe.  With  these  facilities  present, 
capital  in.  time  will  come,  will  be  invested,  and  will  make  the 
'bounty  a  great  clay  industrial  center. 

VERMILLION  COUNTY, 

This  county  lies  on  the  western  edge  of  the  center  of  the  State, 
just  south  of  Warren,  west  of  Fountain  and  Parke  and  north  of 
Vigo  County.  Its  eastern  boundary  is  the  Wabash  River,  and  its 
western  the  Illinois  State  line.  It  comprises  a  strip  of  territory 
whose  maximimi  length  is  37  J  miles,  and  average  width  a  little 
less  than  seven  miles;  its  area  being  255  square  miles. 

The  Coal  Measure  rocks  of  the  Carboniferous  Period  form  the 
surface  of  the  entire  county  with  the  exception  of  a  very  narrow 
strip  along  the  west  bank  of  the  W^abash  in  the  northern  fourth, 
where  the  Mansfield  sandstone  of  the  same  period  is  exposed. 
The  river  here  flows  through  a  narrow  valley  cut  in  the  sand- 
stone, which  outcrops  at  frequent  intervals  in  a  ledge  rising  30 
to  50  feet  above  the  river  from  Jordan  Creek  north  to  the  north- 
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ern  boundary.  South  of  Jorilan  Creek  the  sandstone  iX3ases  and 
a  clay  and  gravel  terrace,  flanked  by  low  bluffs  on  the  west,  con- 
tinues to  the  Big  Vermillion  Valley. 

The  Wabash  River  on  the  east  forms  the  drainage  level  of 
the  county,  receiving  from  the  west  all  streams  which  drain  its 
area.  These,  named  in  order  from  north  to  south  are,  Spring 
Creek,  Jordan  Creek,  Big  and  Little  Vermillion  rivers.  Raccoon 
Creek,  Norton's  Creek,  Feather  Creek  and  Brouilett's  Creek. 

About  one-third  of  the  area  of  the  county  is  taken  up  by  the 
terraces  and  lowland  bottoms  of  the  Wabash  and  its  tributaries. 
Between  the  Big  and  Little  Vermillion  rivers  the  Wabash  bot- 
tom land  reaches  its  extreme  breadth  of  2.5  to  3.5  miles.  From 
a  point  two  miles  south  of  Hillsdale  northward  for  six  miles,  or 
nearly  to  Newport,  the  county  seat,  the  bluffs  are  high  and  close 
to  the  river,  so  that  the  small  tributaries  serrating  the  front  of 
the  bluff  yield  numerous  good  exposures  of  the  Coal  Measure 
Rocks.  Below  the  point  mentioned,  the  bluffs  swing  off  to  the 
southwest,  leaving  a  wide  terrace  of  sand,  gravel  and  clay,  prin- 
cipally comprised  in  Helt's  prairie,  which  rises  about  40  feet 
above  the  river.  In  the  southern  part  of  the  county  the  bluffs 
are  one  or  two  miles  from  the  river,  and  rise  100  to  135  feet 
above  low  water  mark.  The  upland  area  of  the  county  is,  in 
general,  a  high,  flat,  prairie  like  country,  forming,  in  the  main, 
a  rich  agricultural  region.  This  area  is  cut  through  by  the  Big 
and  Little  Vermillion  rivers  and  Brouilett's  Creek,  the  two 
former  having  cut  dovni  to  the  base  level  of  the  Wabash.  The 
most  broken  part  of  the  county  is  probably  along  the  Big  Ver- 
million, the  banks  of  which  rise  100  to  140  feet  above  low  water 
mark  in  the  Wabash. 

Along  the  bluffs  of  the  Wabash  and  other  streams,  at  the  point 
where  they  meet  their  terraces,  the  largest  and  most  available 
deposits  of  under-clays  and  shales  found  in  the  county  are  ex- 
posed. The  Chicago  and  Eastern  Illinois  Railway,  rimning  north 
and  south  the  full  length  of  the  county,  and  close  to  its  eastern 
border,  has  its  road  bed  within  a  mile  and  a  half  of  nearly  all  of 
the  principal  clay  exposures.  Two  other  railways,  the  Toledo, 
St.  Louis  &  Kansas  City,  and  the  Springfield  Division  t)f  the  C, 
H.  &  D.,  cross  the  county  from  east  to  west;  the  former  across 
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the  south  border  of  the  northern  third,  and  the  latter,  south  of 
the  center.  In  addition  to  these,  the  Peoria  Division  of  the  Big 
Four  touches  the  northwestern  comer,  while  a  Chicago  exten- 
sion of  the  Southern  Indiana,  now  in  course  of  construction,  will 
run  north  and  south  through  the  western  portion  of  the  southern 
half ;  so  that  the  transportation  facilities  are  of  the  best. 

Townships  19  and  18  North,  Ranges  9  and  10  West 

N"o  personal  examination  was  made  of  the  clays  of  this  area. 

A  section  at  Perrysville,  northeast  quarter  of  section  33   (19 

north,  9  west),  given  by  F.  H.  Bradley*  records  coal  VI,  8  to  18 
inches  in  thickness,  as  occurring  close  to  the  surface,  with  two 

feet  of  under-clay  and  12  to  15  feet  of  soft  blue  clay  shale  im- 
mediately below.  Drilling  to  a  depth  of  over  100  feet  failed  to 
disclose  another  vein  of  coal,  but  several  beds  of  black,  shaly, 
calcareous  clay  were  encountered. 

Along  Spring  Creek,  in  the  southeast  of  the  southwest  of  sec- 
tion 10  (19  north,  9  west),  there  is  an  exposure  of  18  feet  of  blue 
clay  shale;  while  in  the  southeast  of  the  northeast  of  9  six  feet 
of  the  same  material  outcrops  on  the  north  bank  of  the  creek. 

But  few  deposits  of  workable  shale  or  clay  are  exposed  in  town- 
ship 18  north,  9  west,  outcrops  above  the  coals  being  usually  a 
shaly  sandstone  or  a  soft  black  shale.  According  to  Ashley, 
"probably  all  of  18  north,  10  west,  is  underlain  by  coal  VI  and 
coal  Via  which,  over  much  of  that  area,  may  be  presumed  to  be 
workable,  since  they  appear  to  be  workable  wherever  exposed  or 
pierced  with  the  drill.  To  work  both  of  them  the  intervening 
clay  should  be  marketed,  tests  having  shown  it  to  be  very  suitable 
for  brick.  This  coal  occurs  about  at  drainage  level  in  the  south- 
ern part  of  the  township,  but  becoming  60  or  70  feet  below  the 
shallow  cutting  streams  in  the  northern  part." 

A  section  on  the  Brand  farm,  southeast  of  southeast  of  section 
20,  shows: 


*Firit  Ann.  Rep.  State  Geol.  Ind.,  1869, 158. 
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Section  of  Drilling  on  Brand  Farm. 

Feet,       Inchea. 

1.  Loam    4  8 

2.  Clay    .,.....» 5  0 

3.  Under-clay    8  0 

4.  Black  shale   6  0 

.      5.  Coal  VI   5  0 

6.  Under-clay 6  0 

7.  Coal  Vb 1  8 

8.  Under-clay    ; 3  0 

9.  Sandstone   5  » 0 

10.  Metalliferous  sand  shale 11  0 

11.  Under-clay    ...' 5  0 

12.  Goal  Va  1  2 

13.  Soapstone    13  0 

Of  the  strata  given,  Nos.  2,  3,  6,  8,  11  and  13,  aggregating 
4:0  out  of  a  total  of  74^  feet,  are  suitable  for  many  kinds  of  clay 
wares. 

Township  17  North,  Ranges  9  and  10  West. 

Between  Cayuga  and  Newport  the  Wabash  River  flows  in  a 
southeasterly  direction  and  its  terrace  or  second  bottom  widens 
out  until,  in  places  it  is  nearly  four  miles  in  width,  with  an  aver- 
age elevation  of  almost  40  feet  above  the  overflowed  bottom  land. 
Along  the  western  border  of  this  terrace  or  prairie  the  outcrops 
of  shale  and  clay,  with  their  accompanying  coals,  occur  in  many 
places.  But  one  of  these  has  been  utilized,  and  that  by  the  Acme 
Brick  Works  and  the  Cayuga  Brick  and  Coal  Company,  in  the 
northeast  quarter  of  section  7  (17  north,  9  \vest),  on  a  spur  of 
the  Clover  Tx3af  Eailway.  The  first  named  company  purchased 
25  acres  of  bluff  or  upland,  one  mile  southwest  of  Cayuga,  and 
began  the  making  of  ordinary  brick  in  the  spring  of  1904.  A 
section  of  their  pit  in  July  showed : 

Section  of  Pit  at  Acme  Brick  Works. 

Feet.  Inckee, 

1.  Soil  and  yellow  clay 10  0 

2.  Pinkish  shaly  sandstone 1  8 

3.  Bluish  gray  clayey  shale 18  0 

4.  Dark  blue  under-clay 7  0 

The  yellow  clay,  Xo.  1,  is  of  glacial  origin,  but  is  almost  free 
from  lime  pebbles  and  other  harmful  impurities.  The  shale,  No. 
3,  is  of  excellent  quality,  being  soft,  unctuous  and  free  frpni 
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grit.  No.  4  is  peculiar  in  that,  ^ile  much  darker  in  color  than 
the  overlying  shale,  it  burns  to  a  buff  or  creamy  white.  .The  coal 
vein  belonging  between  Nos.  3  and  4  has  evidently  run  out  be- 
fore reaching  the  locality  of  the  pit.  All  the  above  strata  are 
mixed  and  used,  from  60  to  75  cars,  holding  one  and  a  half  cubic 
yards  each,  being  taken  from  the  pit  each  day  to  make  35,000 
ordinary  brick. 

A  bore  sunk  from  the  bottom  of  a  ravine  on  the  company's 
land  a  short  distance  southwest  of  the  pit  showed: 

Section  of  Bore  on  Land  of  Acme  Brick  Works. 

Feet.        IncheM, 

1.  Sandstone   1  0 

2.  Light  gray  clayey  shale 24  0 

3.  Shaly  sand  rock 20  0 

4.  Under-clay    ' 3  0 

5.  Gray  shale   8  0 

6.  Under-clay 1  3 

7.  Coal , 2  6 

8.  Under-clay    0  11 

9.  Coal    2  6 

It  is  the  intention,  in  time,  to  sink  a  shaft  to  the  coals,  Nos. 
7  and  9,  and  mine  both  them  and  the  separating  band  of  under- 
clay.  The  raw  materials  at  hand  give  every  assurance  of  a  suc- 
cessful future  to  the  industry. 

One-third  of  a  mile  south,  on  the  same  section,  is  located  the 
plant,  coal  shaft  and  clay  pit  of  the  Cayuga  Brick  and  Coal  Com- 
pany. A  section  in  that  portion  of  the  pit  being  worked  in  July, 
1904,  showed: 

Section  of  Clay  Pit  of  Cayuga  Brick  and  Coal  Company. 

Feet.       Inehea. 

1.  Soil  and  surface  clay 4  0 

2.  Soft  pinkish  brown  shaly  sandstone 11  0 

3.  Drab  to  gray  sandy  shale 18  0 

4.  Traces  of  coal  VIb : 0  i 

5.  Dark  blue. under-clay 6  0 

The  soil  and  shaly  sandstone,  Nos.  1  and  2,  12  to  19  feet  in 
thickness,  are  stripped,  necessitating  a  heavy  expense  to  get  at 
the  underlying  strata.  The  sandstone,  N^o.  2,  merges  gradually 
into  the  shale,  No.  3,  so  that  the  upper  portion  of  the  latter  con- 
tains a  large  quantity  of  free  silica  and  numerous  scales  of  mica ; 

9— Geology. 
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not  enough,  however,  to  prove  harmful.  The  upper  and  lower 
portions  of  the  shale  stratum  were  formerly  mixed  together  in 
varying  proportions  to  form  different  shades  of  red  dry  pressed 
front  brick.  Average  samples,  taken  from  the  centers  of  several 
unburned  brick,  which  were  made  of  a  mixture,  were  analyzed  by 
Professor  Xoyes  for  the  1895  clay  report,  and  the  composition 
found  to  be: 

Analysis  of  Shales  Used  by  the  Cayuga  Brick  and  Coal  Company. 

Silica  (SIOJ    65.78 

Titanium  oxide  (TiOJ 1.00 

Alumina  (A1,0J 14.79 

Water  combined  4.98 

Clay  base  and  sand 86.55 

Ferric  oxide  (Fe.OJ 8.03 

Lime  (CaO) 54 

Magnesia  (MgO)    1.42 

Potash  (K,0)   2.82 

Soda  (Na^O)    97 

y  

Fluxes   13.78 

Carbon  dioxide  (COa) .26 

Total    100.59  • 

The  mixture  burned  into  a  tough,  even  grained,  front  brick 
of  a  handsome  and  uniform  shade  of  red.  Its  composition  shows 
it  to  be  well  suited  for  the  making  of  vitrified  products.  In  1902 
the  company  abandoned  the  dry  pressed  process  and  began  mak- 
ing a  stiff  mud  facing  brick  from  the  same  material.  These  brick 
are  burned  in  Eudaly  kilns  and  come  out  a  liandsome  dark  cherry 
red  in  color.  The  average  output  of  the  factory  is  about  50,000 
per  day  for  10  months  of  the  year.  For  these  it  takes  110  cars 
of  shale  from  the  pit,  the  cars  being  hauled  by  steam  power  up 
an  inclined  tramway  and  dumped  automatically  near  the  dry 
pans. 

Stratum  Xo.  5  of  the  section  given  has  the  general  appear- 
ance of  an  under-clay,  being  unlaminatcd,  but  is  of  a  darker  color 
than  is  usually  possessed  by  such  deposits.  The  trace  of  coal 
above  it  is  additional  proof  that  it  is  an  under-clay  and  not  a 
shale.  In  the  shaft  of  the  mine,  just  west  of  the  clay  pit,  it  was 
7  feet  thick  and  was  mined  from  ther^  for  some  years  for  brick- 
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making  purposes.  Its  chemical  analysis  proved  it,  however,  to 
be  of  low  refractory  power.  Prof.  Noyes  analyzed  an  average 
sample  and  found  its  composition  to  be  as  follows : 

AnaLym  of  Under- Clay  from  Pit  of  Cayuga  Brick  Company. 

Silica  (SiOa)    55.09 

Titanium  oxide  (TiOJ 1.20 

Ahimina  (Al,Os)  20.76 

Water  combined   7.01 

.   Clay  base  and  sand 84.06 

Ferric   oxide  (Fe,OJ 3.00 

Ferrous  oxide  (FeO) 4.01 

.   Lime   (CaO)    1.51 

Magnesia  (MgO)   . . . : '. 1.18 

Potash  (K,0)   2.36 

Soda  (Na,0)    34 

Fluxes    12.40 

Carbon  dioxide  (CO^ 3.04 

Total    99.50 

This  clay  burns  into  a  buff  front  brick  of  handsome  appear- 
ance. Just  why  it  should  burn  buff  when  the  analysis  shows  the 
presence  of  7.01  per  cent,  of  iron  oxide,  is  a  chemical  problem 
which  is  difficult  to  solve.  The  large  amount  of  carbon-dioxide 
present  shows  that  the  dark  color  of  tlie  unburned  clay  is  due, 
in  part,  to  organic  matter.  At  the  exposure  west  of  the  plant 
of  this  company  the  layer  of  sandstone  overlying  the  shale  is 
much  thinner,  and  the  latter  is  seen  to  have  a  strong  dip  to  the 
southwest  and  to  be  much  contorted  in  the  bed.  One-half  mile 
south  the  shale  has  been  proven  by  bore  to  be  30  feet  thick,  with 
a  surface  stripping  of  but  two  and  a  half  feet. 

The  coal  mined'  by  the  Cayuga  Brick  and  Coal  Co.,  is  probably 
coal  VI,  and  runs  about  five  feet  in  thickness.  Above  it  is  a  thick 
stratum  of  a  soft  clayey  shale,  w^ith  many  kidney  iron  concretions 
or  "boulders"  scattered  through  it.  Beneath  the  coal  is  7  to  13 
feet  of  under-clay,  which,  however,  is  said  by  the  mine  superin- 
tendent to  be  rather  poor  in  quality. 

Near  the  southeastern  limits  of  the  town  of  New^port,  north- 
east quarter  of  section  35  (17  north,  9  west),  the  Newport  Brick 
and  Clay  Stock  Company  purchased  seven   acres  of  land  for 
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$2,000,  and  erected  a  plant  in  1903  for  the  purpose  of  making 
ordinary  brick  from  a  bed  of  shale  which  there  outcrops.  In 
July,  1904,  the  company  was  making  30,000  brick  a  day.  Their 
plant  is  located  on  a  switch  of  the  C.  &  E.  I.  Railway,  300  yards 
below  the  station  at  Newport.  A  section  of  the  pit,  located  150 
feet  south  of  the  plant,  showed  as  follows : 

Section  of  Clay  Pit  at  Newport. 

Fett.       Inche§. 

1.  Surface  soil  and  clay 2  0 

2.  Soft  drab  to  blue  clayey  shale 24  .0 

3.  Coal  Via  1  3 

4.  Under-clay    6+  0 

The  pit  is  located  on  the  edge  of  a  gradual  slope  of  the  Wabash 
River  bluffs,  which  extend  from  this  point  close  along  the  river 
to  below  Hillsdale,  and  embody  some  of  the  best  clay  deposits  of 
the  State.  The  shale,  No.  2  of  the  section,  is  a  soft,  fine  grained 
material,  which  can  be  burned  into  many  higher  grade  products 
than  ordinary  building  brick.  It  lies  within  six  feet  of  the  sur- 
face beneath  the  terrace  on  which  the  plant  of  the  company  is 
located,  having  been  struck  when  digging  the  pit  for  the  dry  pan. 
A  well  33  feet  deep,  sunk  near  the  factory,  failed  to  reach  the 
bottom  of  shale  and  under-clay  deposits,  and  water  is  obtained 
from  the  Little  Vermillion  River,  1,300  feet  to  the  north. 

This  shale  deposit  underlies  the  town  of  Newport,  within  three 
to  seven  feet  of  the  surface.  It  will  be  found  close  to  the  sur- 
face all  along  the  slope  or  ridge  rising  from  the  terrace  on  the 
south  side  of  the  town.  A  portion  of  this  slope  lies  within  the 
town  limits,  and  fine  sites  for  several  large  clay  industries  are 
available  along  its  edges. 

Along  the  Little  Vermillion  River,  three  and  a  half  to  five 
miles  west  of  Newport,  and  five  miles  north  of  Dana,  are  some 
excellent  outcrops  of  shale  and  under-clay  suitable  for  many 
kinds  of  clay  products.  On  the  land  of  Daniel  Nichols,  north- 
west quarter  of  section  31  (17  north,  9  west),  is  a  bluff  of  light 
gray  clayey  shale  on  the  south  bank  of  the  river,  35  feet  thick 
and  one-fourth  of  a  mile  long.  The  talus  along  the  foot  of  this 
bluff,  formed  from  the  weathered  particles  of  shale,  is  a  fine- 
grained, very  plastic  clay,  and  the  whole  deposit  will  be  found 
suitable  for  all  kinds  of  vitrified  wares.     A  terrace  just  opposite. 
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on  the  north  side  of  the  river,  has  its  level  just  above  high  water 
mark,  and  furnishes  an  excellent  factory  site.  This  point  is  one 
and  a  half  miles  east  of  the  Chicago  extension  of  the  Southern 
Indiana  Railway,  and  about  three  and  a  half  miles  south  of  the 
Clover  Leaf  Railway.  Water  in  abundance  occurs  in  the  river 
at  the  foot  of  the  bluff,  and  a  good  quality  of  coal  is  mined  within 
a  quarter  of  a  mile.  Coals  VI  and  V,  of  a  good  workable  thick- 
ness, will  probably  be  found  below  the  level  of  the  river.  With 
a  railway  spur  in  place  this  wduld  be  an  ideal  spot  for  a  great 
clay  industry.  Without  it,  the  shale  deposit  has  no  value.  The 
same  bed  of  shale  outcrops  in  the  ravines,  northwest  quarter  of 
section  4  (16  north,  10  west),  leading  back  from  the  south  bank 
of  the  Little  Vermillion  for  a  half  mile  or  more  as  one  ascends 
the  stream. 

On  the  land  of  the  James  Fletcher  estate,  southwest  quarter 
of  section  33  (17  north,  10  west),  the  shale  is  exposed  in  another 
bold  bluff  800  feet  long,  on  the  south  side  of  the  river;  28  feet 
in  vertical  thickness,  showing  above  the  water  level.  Overlying 
the  shale  at  this  point  is  three  feet  of  grayish  sandstone  and  about 
two  feet  of  surface  clay.  The  shale  is  here  soft,  unctuous,  easily 
weathered  and  of  excellent  quality.  This  point  is  about  one  and 
a  quarter  miles  east  of  the  Chicago  and  Southern  Indiana  and 
three  miles  south  of  the  Clover  Leaf  Railway. 

Coal  VII  is  worked  at  a  number  of  slope  shafts  across  the 
river  from  this  point,  averaging  four  feet  eight  inches  in  thick- 
ness, with  18  inches  of  under-clay  beneath.  Drillings  in  this 
region  have  shown  coal  VI,  five  and  a  half  to  six  feet  thick,  to 
be  85  feet  below  VII. 

Farther  up  Little  Vermillion,  in  the  vicinity  of  the  "Horse- 
shoe Bend,"  southwest  quarter  of  section  29,  and  southeast  quar- 
ter of  section  30  (17  north,  10  west),  are  other  exposures  of 
shale  and  under-clay  which  will  be  valuable  whenever  a  spur 
from  a  railway  enters  the  region.  A  connected  section  along  the 
Little  Vermillion  from  the  Horse-shoe  Bend  to  the  old  White's 
Mill,  ford,  as  secured  by  Kindle  for  the  1898  report,  showed  the 
following  strata  in  place: 
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Section  on  Little  Vermillion  River, 

/Vet.        Inchen.       feet,       Inchea, 

1.  Fire-clay. 

2.  Coal  Vila   3  3  3  3 

3.  Fire-Clay    12  0  15  3 

4.  Black  bituniluoiis  clay  0  0  15  9 

5.  Soft  black  shale 0  G  10  3 

(J.  Coal  VII    4  G  20  9 

7.  Fire-clay    1  0  22  3 

8.  Limestone,    hard,    blue,    fossilifer- 

oiis   1  0  23  9 

9.  Shale,  bluish  gray  with  fossils.. .     7  0  30  9 

10.  Shelly  sandstone 3  0  a3  9 

11.  Bluish  gray  clay  shale 35  0  08  9 

12.  limestone,  hard,   ferruginous  an<l 

black    1  0  GO  9 

13.  Touffh  black  sheety  shale 0  10  07  7 

14.  Soft  black  shale 0  0  G8  1 

15.  Coal  VIb   0  0to8  08  9 

10.    Shelly  sandstone  5  0  73  9 

Nos.  1  to  4  of  the  section  occur  onlv  in  the  vicinity  of  the 
Ilorshoo.  No.  11  rc^presents  the  sliale  IkhIs  above  (lescribe<l. 
Coal  VT  will  be  found  l)elow  drainage  over  most  of  the  area. 
Between  it  and  Vib  will  usnally  be  found  about  four  feet  of 
under-elav  suitable  for  manufacturing. 

Township  IG  North,  Ban-ges  9  and  10  West. 

Along  the  bluffs  of  the  Wabash  River,  between  Hillsdale  and 
Xewport,  in  township  10  north,  9  west,  occur  some  of  the  best 
clay  de}K)sits  in  the  State  of  Indiana. 

In  a  ravine  on  the  land  of  Burns  &  Hancock,  southwest  quar- 
ter of  section  26  (10  north,  9  west),  a  short  distance  west  of  the 
stati(m  of  Montezuma,  the  following  connected  section  was  ob- 
tained, which  shows  the  pr(»sence  of  a  remarkable  variety  and 
quantity  of  high  grade  commercial  clays : 

Section  on  Burns  tC  Hancock  lAind,  West  Montezuma, 

Feet,  Tnfhee.         Feet.       Inckee. 

1.  Soil  and  drift 5  to    7  0  7  0 

2.  Sandstone    2  lo  10  0  17  0 

3.  Lij^lit  ^'ray  sandy  shale 1  to   0  0  23  0 

4.  Coal  VII 3  to    5  0  28  0 

5.  Under-clay    3  to   4  0  32  6 

0  Drab  to  blue  clayey  shale 25  lo  30  0  02  0 


\ 


V         —  •- 
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7.  Concretionary  iron  carlwnnte 

(two  bands) 6  63  0 

8.  Black  fissile  shale 2  tc    3  0  60  0 

9.  Coal  VIb  .*...  1  0  67  0 

10.  Under-clay  (white  siliceous).  5  to    7  0  74  0 

11.  Blue  and  drab  clayey  shale.           42  0  116  0 

12.  Black  sheety  shale 2  0  118  0 

13.  Coal  Via   1  8  119  8 

14.  Under-clay    8  0  127  8 

Of  these,  Nos.  3,  5,  6,  10,  11  and  14,  aggregating  from  84  to 
89  feet  of  workable  clays,  and  Nos.  4,  0  and  13,  comprising  4  to 
7  feet  of  fuel  suitable  for  their  burning,  are  found  in  the  one 
place.  Xear  the  mouth  of  the  ravine  Mr.  Burns,  in  1872,  erected 
a  plant  and  began  the  making  of  fire  brick  from  the  clay  l^o.  10. 
A  switch  from  the  C.  &  E.  I.  Railway  runs  to  the  plant,  while 
the  C,  H.  &  D.  Railway,  one  mile  south,  furnishes  direct  con- 
nection with  all  eastern  and  western  points. 

The  gray  sandy  shale,  No.  3,  overlying  the  top  vein  of  coal  is, 
in  places,  cut  out  by  the  overlying  sandstone,  the  latter  resting 
directly  upon  the  coal.  In  such  places  the  coal  is  much  tli inner 
than  where  the  shale  forms  its  roof.  This  shale  can  be  made  into 
pressed  front  and  ordinary  brick  and,  mixed  with  some  of  the 
lower  deposits,  into  vitrified  products. 

The  coal  (No.  VII)  has  been  mined  at  numerous  placets  in  the 
vicinity,  and  furnishes  part  of  the  fuel  for  the  burning  of  the 
fire  brick  at  the  plant  below.  It  is  a  very  good  semi-block  coal, 
which  bums  into  a  white  ash  with  no  clinkers,  but  the  vein  is 
apt  to  be  pockety,  as  in  some  test  entries  driven  by  the  railway 
company  it  ran  down  to  8  inches  in  a  distance  of  70  yards. 

Stratum  No.  6  is  a  dark  blue  clayey  shale  or  "soapstone"  which 
weathers  to  a  lighter  drab  in  places.  It  burns  to  a  close-textured 
body  of  a  handsome  dark  red  color.  Near  the  lower  part  of  this 
stratum  of  shale  are  the  two  bands  of  iron  carbonate  (No.  7  of 
the  section),  the  upper  feeing  4  inches  thick  and  the  lower 
2  inches,  the  two  being  separated  by  a  stratum  of  shale  14  inches 
in  thickness.  The  pieces  of  ironstone  are  quadrangular  and  have 
the  appearance  of  bricks  laid  regularly  in  place. 

The  upper  half  of  shale  No.  11,  on  the  Burns  &  Hancock  land, 
contains  much  more  free  silica  than  the  lower,  and  in  places,  espe- 
cially farther  north,  is  replaced  by  a  compact  gray  sandstone.    The 
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lower  half  is  the  soft,  iincUious,  argillaceous  material  so  well  fitted 
for  vitrified  i)r(Mluets.  This  stratum  of  shale  is  found  exposed 
for  a  distance  of  20  feet  by  the  side  and  within  30  feet  of  the 
kilns  of  the  Hillsdale  Fire  Brick  Co.,  one-half  mile  farther  south. 
Fifty  or  more  carloads  of  it  were  shipped  from  there  to  Chicago 
and  made  into  roofing  tile.  It  brought  30  cents  a  ton  on  board 
the  cars. 

Analyses  of  the  two  shales,  Nos.  6  and  11,  were  made  by  Dr. 
Lyons  for  the  1895  clay  report,  their  chemical  composition  being 
found  to  be: 

Analyses  of  Sfuiles  Nos.  6  and  11,  from  the  Bums  d  Hancock  Land, 

West  Montezuma. 

No.  6,  No,  11, 

Silica  (SIOJ    4G.07  56.32 

Titanium   oxide   (TiO^) 1.19  1,07 

Alumina   (A1,0,)    24.22  24.34 

Water  combined   9.70  6.33 

Clay  base  and  sand 81.24  88.(Hi 

Ferric  oxide  (Fe,0,) 9.65  5.60 

Ferrous  oxide  (FeO)   34  .24 

I.lrae  (CaO) 10  .31 

Magnesia  (MpO)    1.31  .54 

Potash  (K,0)    1.66  2.85 

Soda  (Na,0)    2.76  2.34 

Fluxes    .  ; 15.01  11.88 

(\arbon  dioxide  (Co.) 2.87 


•   • 


Total    100.02  99.94' 

The  analyses  prove  the  chemical  fitness  of  the  clays  for  mak- 
ing sewer  pipe,  hollow  brick  and  similar  products,,  the  percentage 
of  fluxes  being  sufficient  to  bring  about  vitrification  at  the  proper 
temperature.  No.  11  is  a  purer  and  more  refractory  clay  than 
No.  G,  and  will  shrink  less  in  burning.  A  mixture  of  the  two 
would  probably  make  Ix^tter  vitrified  wares  than  either  used 
alone. 

The  under-chiy  (No.  5)  is  a  soft,  dark  plastic  material  contain- 
ing sflgnuiria  and  other  remains  of  plant  fossils.  It  vitrifies  to  a 
dark  brown,  and  one  or  two  kilns  of  sewer  pipe  of  good  quality 
were  made  from  it  some*  years  ago,  as  an  experiment,  by  Mr. 
Burns.     These  were  sold  to  the  old  I.,  I).  &  AV.,  now  tlie  C,  11. 
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&  D.  Railway,  and  are  now  in  use  along  that  line  in  the  vicinity 
of  Montezuma. 

TJnder-clay  No.  10  is  nearly  white  and  contains  so  large  a  per- 
centage of  silica  that  it  resembles  in  appearance  a  sandstone.  It 
is  the  most  refractory  under-clay  that  has  been  discovered  in  the 
State,  and  the  fire  brick  and  furnace  linings  made  from  it  have 
been  put  to  the  most  severe  tests  possible,  and  have  everywhere 
given  the  best  of  satisfaction.  Large  numbers  of  the  brick  are 
sold  annually  to  iron  manufacturers  as  far  west  as  Montana,  and 
south  to  Georgia  and  Alabama.  A  kiln  at  the  Burns  and  Han- 
cock factory,  the  brick  of  the  floors  and  walls  of  which  were  made 
of  this  clay,  was  torn  down  in  July,  1904,  after  being  in  con- 
stant use  for  32  years.  A  number  of  the  brick  were  still  so  well 
preserved  that  they  were  used  in  constructing  a  new  kiln  on  the 
site  of  the  old.  An  analysis  of  this  clay  by  Dr.  Lyons  shows  the 
following  percentage  composition: 

Analysis  of  Under-Clay  No,  10,  from  Land  of  Bimis  d  Hancock,  West  Montezuma. 

SiUca  (SiOJ 83.44 

Titanium  oxide  (TlOj) 1.29 

Alumina   (Al,OJ    10.36 

Water  combined  3.15 

Clay  base  and  sand 98.24 

Ferric  oxide  (Fe^Oa) 27 

Ferrous  oxide  (FeO) 28 

Ldme  (CaO)    •. 36  . 

Magnesia  (MgO)   14 

Potash  (KjO)   03 

Soda  (Na,0)   71 

Fluxes   1.79 

Total    100.03 

From  this  it  will  be  seen  that  the  clay  is  of  high  refractory 
grade,  and  moreover,  very  pure.  It  contains  less  fluxes  than  any 
plastic  under-clay  so  far  discovered  in  Ohio,  and  lacks  but  .02  per 
cent,  of  being  aa  pure  as  the  Mineral  Point  flint  clay  of  that 
State,  which  is  largely  used  in  making  high  grade  refractory  ma- 
terials, such  as  glass  pots  and  kindred  products.  The  only  ob- 
jection to  the  fire  brick  made  from  this  clay  is  that  for  some  pur- 
poses they  are  too  friable,  or  easily  crumbled.     This  is  due  to 
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the  small  amount  of  bonding  material  present,  and  can  be  readily 
overcome  at  any  time  by  mixing  with  a  small  per  cent,  of  a  more 
plastic  high  grade  under-clay,  such  as  occurs  at  Mecca  and  many 
other  points  in  the  coal  areas  to  the  south.  In  Ohio,  non-plastic 
flint  clays  constitute  the  body  mixture  of  all  the  refractory  wares 
made  in  the  State,  but  it  is  necessary  to  use  plastic  under-clays 
with  all  of  them  to  act  as  a  bond  material.  The  aim  in  selecting 
the  plastic  clays  for  a  refractory  mixture  is  to  get  as  sandy  a  clay 
as  can  be  had  wliich  will  develop  plasticity  well.  Under-clays, 
which  have  fliixing  impurities  ranging  between  two  and  six  and  a 

e 

half  per  cent,  will  serve  well  for  such  bond.  Mixed  with  such 
plastic  under-clay  the  No.  10  clay  from  West  Montezuma  can  be 
piit  to  many  uses  for  which  it  is  now  deemed  unfit. 

This  stratum  of  clay  underlies  an  area  a  mile  or  more  wide, 
and  extending  from  Hillsdale  almost  to  Newport.  It  is  said  that 
it  becomes  more  plastic  in  the  southern  part  of  this  area  and 
more  refractory  in  the  northern.  It  is  at  present  worked  by  six 
companies  whose  plants  are  located  along  the  C.  &  E.  I.  Railway, 
between  the  points  mentioned.  Four  or  five  of  these  grind  and 
ship  large  quantities  of  the  under-clay,  receiving  therefor  an 
average  of  $1.15  a  ton  on  board  the  cars.  This  is  used  for  mak- 
ing mortar  for  laying  and  setting  the  parts  of  kilns,  for  rocks  and 
adamant  plaster,  for  lining  ladles  and  making  molds,  and  many 
other  purposes. 

Burns  and  Hancock  have  recently  opened  a  new  slope  shaft 
into  the  side  of  the  ravine  alx)ut  35  feet  above  and  300  feet 
southwest  of  their  plant.  Through  this  shaft  they  mine  the 
under-clay  and  the  overlying  coal  VIb.  Just  above  the  opening 
of  the  drift  there  is  a  fine  outcrop  of  shale  No.  6,  with  its  char- 
acteristic basal  layers  of  concretionary  ironstone  nodules.  The 
under-clay  is  here  six  feet  thick,  and  rests  on  a  sandstone  which 
forms  the  upper  part  of  stratum  No.  11  of  the  section  last  given. 
All  the  under-clay  used  in  their  plant  is  now  gotten  from  this 
new  shaft,  while  that  Avhich  is  ground  and  shipped  is  secured 
from  the  old  opening  on  the  north  side  of  the  ravine.  They  pay 
40  cents  a  ton  for  mining  and  delivering  the  clay  at  the  dump, 
and  two  cents  a  bushel  for  mining  the  overlying  coal — VIb. 

Nos.  12,  13  and  14  of  the  above  section  are  beneath  the  sur- 
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face  level  at  the  site  of  the  plant  of  the  Montezuma  Fire  Brick 
Company,  and  were  secured  from  a  record  of  a  well  boring. 

Soon  after  the  1895  clay  report  was  published,  in  which  special 
mention  was  given  to  the  clays  of  this  portion  of  Vennillion 
County,  Mr.  D.  N.  Lanyon  bought  up  nearly  a  section  of  the 
land  comprising  the  bluffs  north  of  West  Montezuma,  at  an  aver- 
age price  of  $10  an  acre.  In  1901  he  sold  to  the  Southern  Fire 
Brick  and  Clay  Company  133  acres  on  the  north  side  of  this  tract 
for  $100  an  acre.  In  1903  Mr.  Lanyon  erected  a  clay  grinding 
plant  by  the  side  of  a  switch  of  the  C.  &  E.  I.  Kailway  in  the 
northwest  quarter  of  section  26  (1'6  north,  9  west).  The  shale, 
No.  11  of  the  West  Montezuma  section,  is  exposed  to  a  thickness 
of  over  50  feet  near  this  switch.  Above  this  shale  and  just  west 
of  his  plant  he  has  opened  a  slope  shaft  from  which  he  mines 
under-clay  No.  10,  for  grinding  and  shipment.  In  July,  1904, 
this  shaft  had  been  run  back  some  200  feet,  and  at  this  point 
the  under-clay  was,  by  actual  measurement,  13  feet  thick.  The 
upper  two-thirds  was  very  similar  to  that  used  by  Burns  and 
Hancock,  while  the  low-er  third  was  a  little  darker,  finer  grained, 
softer  and  more  plastic. 

North  of  the  Lanyon  land,  in  the  southwest  quarter  of  section 
11  (16  N.,  9  W.),  Jackson  Bros.,  of  Newport,  own  a  tract  of  80 
acres  which  contains  a  fine  deposit  of  under-clay.  No.  10  of  the 
general  Montezuma  section.  This  clay  outcrops  600  feet  west 
of  the  C.  &  E.  I.  Kailway  and  about  60  feet  above  the  railway 
grade.  A  section  from  the  surface  to  the  bottom  of  the  under- 
clay  shows  as  follows: 

Section  on  Ixind  of  Jcu'kson  Bros. 

J  eet.       Inche*. 

1.  Soil  and  surface 0  8 

2.  Drab  to  blue  clayey  shale 25  0 

3.  Black  sheety  shale 2  0 

4.  Coal  VIb  1  0 

5.  Under-clay  No.  10 7  0 

The  under-clay  is  here  very  fine  grained  and  more  plastic  than 
at  the  mines  farther  south.  An  analysis  by  Dr.  R.  E.  Lyons,  for 
this  report,  showed  its  composition  to  be : 
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Analysis  c'     nder-Claij  from  Land  of  Jackson  Bros, 

Silica  (SiOj)    64.05 

Titanium  oxide  , .  iO,) 1.10 

Alumina  (ALOa)  20.55 

Moisture 8.88 

Clay  base  and  sand 94.58 

Ferric  oxide   (Fe-O,) 2.61 

Ferrous  oxide  (FeO) 1.42 

Lime  (CaO) 29 

Magnesia  (MgO) 58 

Soda  (Na,0)   •      .40 

Potash  (KjO)   51 

Fluxes   5.81 

Total    • 100.39 

The  analysis  shows  a  much  higher  percentage  of  alumina  than 
the  clay  of  Burns  &  Hancock,  hence  its  greater  plasticity..  It  can 
be  used  for  high  grade  refractory  wares,  such  as  glass  pots,  tank 
and  furnace  blocks,  etc.  It  will  also  feerve  well  as  a  bond  clay 
for  non-plastic  fire  clays  and  kaolins.  Fire  brick  made  from  it 
will  be  tougher  and  less  liable  to  crumble  than  those  from  the 
same  stratum  farther  south. 

A  level  spot  of  foiu*  or  five  acres,  between  the  railway  and  the 
clay  outcrop,  offers  an  excellent  site  for  a  factory.  A  switch  can 
be  easily  constructed.  The  shale.  No.  2,  above  the  under-clay, 
can  be  utilized  for  many  kinds  of  vitrified  products. 

The  Southern  Fire  Brick  and  Clay  Company  erected,  in  1902 
and  1903,  on  their  land  in  the  southeast  quarter  of  section  22 
(16  north,  9  west),  a  $130,000  factory.  Their  plant  is  about  one 
and  a  half  miles  north  of  the  Burns  &  Hancock  factory  on  a 
tract  of  low  land  in  a  valley  extending  back  from  the  face  of  the 
main  Wabash  River  bluffs.  To  it  a  switch  of  the  C.  &  E.  I. 
Railway  has  been  extended.  Less  than  50  feet  south  of  their 
factory  a  bluff  of  shale,  I^o.  11  of  the  AVest  Montezuma  section, 
rises  68  feet  from  the  level  of  the  plant  to  within  six  feet  of 
the  bottom  of  No.  10  under-clay.  This  intervening  six  feet  is 
composed  of  light  gray  shaly  sandstone,  most  of  which  can  be 
ground  uj)  and  mixed  with  the  GS  feet  of  underlying  shale.  The 
latter  is  a  soft,  light  blue,  clayey  material,  which  can  be  made 
into  all  kinds  of  vitrified  products. 
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Under-clay  No.  10  is  being  worked  by  two  or  three  drift  en- 
tries. At  the  openings  of  these  it  is  six  feet  eight  inches  in  thick- 
ness, of  a  light  gray  color,  quite  hard  and  bearing,  in  places, 
traces  or  small  fragments  of  plant  remains.  Just  abo7e  it  is  the 
thin  vein  of  coal,  VIb,  and  over  this  18  to  25  feet  of  the  blue 
to  drab  clayey  shale,  No.  6,  with  its  characteristic  basal  layers  of 
concretionary  iron  bands  and  black  sheety  shale. 

From  under-clay  No.  10  the  Southern  Fire  Brick  and  Clay 
Company  is  making  an  excellent  grade  of  fire  brick  which  are 
sold  under  the  name  of  '^Mt.  Silica  Brick ;"  also  cupola  block  and 
tile.  It  is  the  intention  to,  in  time,  use  the  thick  beds  of  shale 
for  differents  kinds  of  vitrified  wares.  / 

Between  the  Bums  &  Hancock  factory  and  Hillsdale  are  the 
plants  of  two  other  companies  which  mine  and  grind  the  No.  10 
clay.  The  northern  one  of  these  is  known  as  the  Wabash  Valley 
Clay  Works,  erected  in  1903.  It  is  a  small  concern  which  mines 
from  leased  land  about  90  tons  of  clay  per  week.  According  to 
the  superintendent,  it  costs  40  cents  per  ton  to  get  the  clay  to 
the  plant  and  15  cents  for  grinding  and  loading  into  cars,  leav- 
ing a  profit  of  55  to  60  cents  per  ton. 

The  other  plant,  that  of  the  Hillsdale  Fire  Brick  Company,  in 
the  southwest  quarter  of  section  35  (16  north,  9  west),  began  the 
making  of  fire  brick  and  grinding  of  No.  10  clay  in  1888  and 
carried  on  the  business  until  1903,  when  the  plant  was  shut 
down,  owing  to  the  fact  that  the  supply  of  clay  controlled  by  the 
company  was  nearly  exhausted.  The  plant  is  still  standing,  with 
the  machinery  intact.  The  groimd  clay  was  shipped  for*  15  yeai*s 
to  the  Cliicago  Steel  Company  and  other  large  consumers,  and 
gave  the  best  of  satisfaction.  The  stratum  of  clay  in  the  mine; 
ran  5  to  7  feet  in  thickness.  Coal  Vlb,  one  foot  thick,  was  left 
for  a  roof  in  the  clav  mine. 

In  the  northwest  of  the  northwest  of  section  34  (16  north,  9 
west),  coal  VIb  outerop/S  15  to  18  feet  above  the  bed  of  Kaccoon 
Creek,  and.  is  overlain  by  8  to  14  feet  of  dark  blue  shale  with 
bands  of  iron,  and  underlain  with  clav  No.  10. 

On  the  southwest  of  the  northwest  ([uarter  of  section  34  (16 
north,  9  west),  one  and  a  (nuirter  miles  west  of  Hillsdale,  on  the 
south  side  of  the  C,  II.  &  1).  Railway,  Mr.  J.  S.  Hollowell,  of 
Montezuma,  owns  40  acres,  which  is  almost  covered  with  excel- 
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lent  deposits  of  shale  and  under-clay.  A  spur  from  the  railway 
has  been  extended  to  the  north  side  of  the  tract  and  a  plant 
erected,  for  the  purpose  of  grinding  clay  for  shipment.  This 
plant  is  operated  under  the  name  of  the  Hoosier  Clay  Works,  and 
is  well  fitted  with  modern  machinery.  A  tramway  connects  the 
plant  with  the  mouth  of  a  slope  shaft  450  feet  to  the  south.  In 
July,  1904,  this  had  been  opened  back  several  hundred  feet  into 
a  stratum  of  under-clay.  In  the  room  where  mining  was  then 
going  on  the  stratum  of  clay  was  11  feet  in  thickness  and  ap- 
peared to  be  made  up  of  three  layers  which  merged  one  into  an- 
other. The  top  layer,  four  feet  in  thickness,  is  dark  gray  in  color 
and  quite  plastic  when  ground.  The  middle  layer,  four  feet  ten 
inches  thick,  is  a  very  light  gray,  quite  siliceous  in  appearance 
and  less  plastic.  The  bottom  layer,  two  feet  two  inches  thick, 
is  intermediate  between  the  two  above  it  in  color  and  plasticity, 
and  lies  directly  on  a  bed  of  sandstone. 

In  a  ravine  on  the  south  side  of  the  40  acre  tract,  a  bed  of 
soft  drjib  to  blue  clayey  shale,  18  to  24  feet  in  thickness,  with 
very  little  cover,  is  exposed.  It  has  near  its  bottom  two  bands  of 
ironstone  nodules  and  a  band  of  black,  sheety  shale,  below  which 
is  a  vein  of  coal  16  inches  in  thickness,  immediately  overlying  the 
under-clay  mined  on  the  other  side  of  the  hill.  The  character 
and  relative  stratigraphy  of  these  deposits  show  that  they  corre- 
spond to  Nos.  6  to  10,  inclusive,  of  the  West  Montezuma  section, 
the  under-clay  mined  for  shipment  being  of  the  same  stratum  as 
that  used  at  the  Burns  &  Hancock  plant.  It  is  ground  and 
shipped  to  many  points  by  Mr.  Hollowell,  being  used  extensively 
for  saggars  by  the  National  Tile  Company,  at  Anderson,  and  for 
the  body  of  their  wares  by  the  IT.  S.  Encaustic  Tile  Co.,  of  Indi- 
anapolis. The  former  company  use  only  the  clay  from  the  top 
stratum  and  pay  f$2.00  per  ton,  f.  o.  b.  the  cars  at  the  mine.  The 
IT.  S.  Encaustic  people  use  an  average  of  one  ton  a  day.  Coal 
III  or  IV,  four  feet  or  more  in  thickness,  probably  underlies  this 
area  at  a  depth  of  about  150  feet.  With  much  of  the  necessary 
machinery,  and  a  railway  switch  already  in  place,  and  with  an 
abundance  of  high  grade  raw  materials  in  sight,  a  large  clay  in- 
dustry could  be  easily  and  cheaply  started  at  this  place,  and 
>yould,  without  doubt,  be  a  success  from  the  beginning. 
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Township  15  North,  Ranges  9  and  10  West 

Tte  Coal  Measure  exposures  in  these  congressional  townships 
are  scarce,  as  the  greater  part  of  their  area  in  Vermillion  County 
is  taken  up  with  the  Helt  and  Grand  prairies. 

Three-fourths  of  a  mile  southwest  of  Hillsdale,  in  the  south- 
west quarter  of  section  3  (15  north,  9  west),  the  bottom  of  shale 
No.  11,  of  the  West  Montezuma  section,  rests  on  four  feet  of 
fissile  black  shale  beneath  which  is  coal  Via,  ten  inches  thick. 
The  under-clay  of  this  coal,  eight  feet  thick,  is  a  fine  grained, 
light  colored  siliceous  material  which,  when  free  from  impurities, 
will  make  a  good  stoneware.  A  Mr.  Yoke  for  some  time  made 
from  it  a  patent  "stone"  fence  post,  and  proved  the  clay  to  be 
refractory  enough  to  stand  up  under  the  heat  required  for  glaz- 
ing. Immediately  beneath  this  fire-clay  coal  VI  occurs  three  and 
a  half  feet  thick,  and  has  been  mined  in  a  number  of  places 
southwest  of  Hillsdale. 

In  a  ravine  one-fourth  of  a  mile  east  of  the  old  clay  works  on 
the  Yoke  farm,  the  following  section  is  exposed: 

Section  in  Squtheaatem  Corner  of  Section  S  {16  N,,  9  W.) 

Feet,       Ineheat 

1.  Yellow  shale  20  0 

2.  Black  shale   2  0 

3.  CJoal  Via  1  8 

4.  Fire-clay    11  0 

5.  Coal  VI  3  4 

6.  Shelly  to  massive  sandstone 10  0 

One  mile  south  of  Hillsdale,  in  the  northwest  quarter  of  sec- 
tion 11  (15  north,  9  west),  the  National  Drain  Tile  Company 
purchased,  in  1901,  80  acres  of  land  lying  on  both  sides  of  the 
C.  &  E.  I.  Railwdy.  The  tract  on  the  west  of  the  railway,  con- 
sisting of  44  acres,  is  comprised  mainly  of  upland,  whose  eastern 
border  forms  the  bluffs  of  the  Wabash,  and  embodies  a  part  of 
the  same  clay  deposits  which  are  coming  into  use  so  rapidly  in 
this  region.  Soon  after  the  purchase  of  the  land,  the  company 
invested  $50,000  in  a  modern  drain  tile  factory,  and  fourteen 
round  down  draft  kilns  of  the  latest  pattern,  and  began  the  burn- 
ing of  tile  four  inches  to  30  inches  in  size.  In  the  making  of  their 
daily  output  90  cubic  yards  of  shale  are  used.  In  July,  1904, 
this  was  being  obtained  from  a  pit  300  feet  west  of  the  factory, 
a  section  of  which  showed: 
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Section  of  Clay  Pit  at  Hillsdale  Plant  of  the  National  Drain  Tile  Company, 

Feet,       Inchea. 

1.  Surface,  yellow  clay 4  0 

2.  Buff  to  drab  clayey  shale 16  0 

3.  Blue  clayey  shale 4  8 

4.  Black  sheety  shale 2  0 

5.  Coal  Via  0  10 

6.  Under-clay    7+  0 

The  lighter  color  of  the  upper  shale,  No.  2,  is  probably  due 
only  to  leaching  water  from  the  overlying  clay.  The  lower  shale, 
however,  seems  more  tough  and  plastic.  Scattered  nodules  of 
kidney  iron  ore  are  rather  plentiful  and  have  to  be  thrown  to  ono 
side  by  the  workmen,  who  receive  15  cents  a  yard  or  45  cents  a 
car  for  the  clay  delivered  at  the  plant.  One  hundred  yards  south- 
west, on  the  south  side  of  a  narrow  ravine,  the  bluff  is  higher  and 
a  vein  of  under-clay  nine  feet  thick  is  exposed  above  the  shale 
stratum,  here  25  feet  thick.  Over  this  under-clay  is  a  20-inch 
seam  of  coal,  and  above  the  latter  IS  inches  of  black  sheety  shale. 
This  upper  coal  vein  is  probably  coal  Vlb,  and  the  exposed  under- 
clay  is  the  No.  10  of  the  AVest  Montezuma  section.  It  is  here 
a  little  darker  and  more  plastic  than  in  its  northern  exposure. 
For  a  time  it  was  mixed  with  the  shale  for  making  the  drain  tile, 
but  as  it  burns  buff,  the  color  of  the  tile  was  too  light  and  not 
uniform,  hence  its  use  was  abandoned.  It  can  be  made  into  hol- 
low brick,  conduits,  flue  linings,  etc.,  but  ^vill  not  be  found  as 
suitable  for  fire  brick  as  that  north  of  Hillsdale. 

Water  for  the  tile  factory  is  pumped  from  the  Wabash  River, 
1,500  feet  to  the  east,  to  a  tank  on  the  bluff,  125  feet  above  the 
river  and  90  feet  above  the  plant.  Coal  from  Clinton,  costing 
$1.40  per  ton  laid  down,  is  used  as  fuel.  This  is  but  one  of 
many  similar  sites  available  for  a  large  clay  industry  along  the 
Wabash  bluffs  between  Newport  and  Clinton.  All  four  factors 
necessary  to  the  success  of  such  industry  are  here  present,  and 
the  region  is  destined  to  become  a  great  clay  manufacturing  cen- 
ter. 

In  the  valley  of  Norton's  Creek,  in  section  33  (15  north,  9 
west),  a  gray  sandy  shale,  35  to  45  feet  in  thickness,  overlies  coal 
Vlb.  It  outcrops  in  many  places  about  two  and  a  half  miles 
northwest  of  Clinton,  along  a  switch  running  from  the  C.  &  E. 
I.  Railway  to  the  mine  of  the  Norton  Creek  Coal  Company.    It 


Shale  Pil  at  Hillsdale  Plant  of  National  Drain  Tile  Co. 


Plant  of  National  Drain  Tile  L'o..  one  mile  south  of  Hlllailale,  Vei 
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also  comes  close  to  tbe  surface  at  many  places  in  the  northeast 
quarter  of  section  5  (14  north,  9  west),  and  the  south  half  of  sec- 
tion 32  (15  north,  9  west).  It  contains  more  free  silica  than  that 
worked  nearer  Clinton,  and  was  for  some  time  mixed  with  the 
blue,  more  plastic  shale  at  the  pit  of  the  Clinton  Paving  Brick 
Company.  Care  must  be  taken,  however,  in  mining  it,  as  in  some 
places  the  beds  contain  numerous  rounded  nodules  of  iron  carbon- 
ate. These,  when  broken  open,  show  a  formation  of  co^centric 
layers,  surrounding  a  nucleus  of  some  foreign  body,  about  which 
is  more  or  less  calcite,  or  crystalline  carbonate  of  lime  and  iron 
sulphide  or  pyrites.  The  latter  impurity,  when  gi'ound  up  with 
the  shale  in  any  quantity,  is  very  harmful,  causing  the  fluxing  to 
take  place  at  a  temperature  below  that  at  which  thorough  vitrifi- 
cation occurs.  If  these  concretions  be  carefully  gleaned  from  the 
shale,  the  latter  will  be  found  in  every  way  suitable  for  vitrified 
products.  This  shale  lies  from  10  to  12  feet  below  coal  VII,  five 
feet  in  thickness,  which  has  been  worked  to  some  extent  in  its 
immediate  vicinity.  Separating  the  two  are  four  feet  of  a  good 
quality  of  under-clay  and  from  four  to  six  feet  of  sandstone,  the 
latter  lying  on  top  of  the  shale.  A  switch  being  already  in  place, 
this  is  an  excellent  location  for  a  factory  for  vitrified  brick  or 
seWer  pipe. 

Coal  VIII  probably  underlies  much  of  township  15  north,  10 
west.  It  outcrops  along  Brouillet's  Creek,  in  section  28,  and  is, 
or  has  been,  worked  at  several  places.  At  Sylvester  Miller's 
bank,  in  the  southeast  of  northwest  of  section  28,  the  coal  is  four 
feet  thick,  overlain  by  two  feet  of  bone  coal  or  black  shale,  and 
that  in  turn  by  four  feet  of  clay  shale.  Below  the  coal  is  four 
feet  of-  clay,  and  a  well  section  is  reported  to  show  86  feet  of 
shales  beneath  the  under-clay. 

Township  H  North,  Ranges  9  and  10  West. 

These  two  congressional  townships  form  the  extreme  southern 
portion  of  Vermillion  County,  a  part  of  14  north,  10  west,  lap- 
ping over  into  Illinois.  Along  Brouillet's  Creek,  in  the  western 
part  of  this  area,  occurs  coal  VIII,  of  the  Ashley  Survey,  not 
found  in  Indiana  north  of  Vermillion  County.  Immediately  be- 
low this  coal  there  is  an  under-clay,  about  four  feet  in  average 

10— Otology. 
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thickness,  which  will  be  found  of  good  quality  for  many  clay 
products.  This  under-clay  rests  on  a  bed  of  flinty  fossiliferous 
limestone,  below  which,  and  above  coal  VII,  there  is  a  bed  of 
blue  to  gray  clayey  or  sandy  shale,  ranging  in  thickness  between 
20  and  55  feet.  Where  coal  VIII  is  absent,  as  in  many  places 
along  the  west  bluffs  of  the  Wabash  between  Clinton  and  Terre 
Haute,  this  shale,  with  or  without  its  overlying  limestone  forms 
the  surface,  being  extensively  used  for  vitrified  products  in  the 
vicinity  of  West  Terre  Haute.  In  a  few  localities  it  is  too  hard 
and  siliceous  to  be  used  alone,  but  for  the  most  part  it  is  a  soft, 
fine  grained,  unctuous  material,  suitable  in  the  highest  degree 
for  manufacturing  purposes. 

Near  the  bottom  of  this  shale  deposit  there  is  often  a  thin 
band  of  limestone,  and  below  the  clay  shale  a  layer  of  bone  coal 
and  black  sheety  shale,  the  latter  forming  the  roof  of  coal  VII. 
Below  coal  VII,  which  is  the  principal  vein  worked  in  the  vicin- 
ity of  Clinton,  there  is  usually  three  feet  of  under-clay  and  then 
a  thick  bed  of  sandy  to  clayey  shale,  which  extends  nearly  down 
to  the  horizon  of  coal  VIb.  A  general  section  of  this  area  from 
above  coal  VIII  to  the  bottom  of  the  under-clay  below  coal  VIb, 
would,  therefore,  run  about  as  follows : 

OenercU  Section  in  tfie  Vicinity  of  Clinton, 

Feet.       lneh€9, 

1.  Soil  and  clay '    9  0 

2.  Shale   or   under-clay 4  6 

3.  Black  shale  or  bone  coal , 2  0 

4.  Coal  VIII   4  4 

5.  Blue  gray  under-clay 5  0 

6.  Limestone,  gray,  flinty,  fossiliferous 2  8 

7.  Gray  to  blue  sandy  or  clayey  shale 53  0 

8.  Limestone,  hard,  flinty 1  0 

9.  Dark  blue  shale 5  8 

10.  Bone  coal  and  black  sheety  shale ; 4  0 

11.  Coal  VII   5  0 

12.  Under-clay    3  0 

13.  Drab  to  blue  sandy  to  clayey  sliale 60  0 

14.  Black  sheety  bituminous  shale 3  10 

15.  Coal  VIb  1  8 

16.  Under-clay    5  0 

One  and  a  half  miles  northwest  of  Clinton,  on  the  southeast 
quarter  of  section  9  (14  north,  9  west),  the  Clinton  Paving  Brick 
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Company  erected,  in  1893,  a  large  factory  for  the  manufacture 
of  vitrified  brick  from  the  shales  of  the  vicinity.  The  principal 
deposit  of  shale  used  lies  100  yards  south  of  their  plant. 
In  June,  1904,  the  following  section  was  exposed,  about  45  feet 
being  in  the  vertical  face  and  ten  feet  in  a  secondary  and  lower 
pit: 

Section  at  Fit  of  Clinton  Paring  Brick  Company. 

Feet.       Inchet' 

1.  Surface  soil  and  clay 3  0 

2.  Brownish  red,  sandy  shale 6  0 

3.  Soft  blue  clayey  shale 39  0 

4.  Black  sheety  shale 2  0 

5.  Hard  black  bituminous  shale 1  10 

6.  Coal  VIb  1  6 

About  two  and  a  half  acres  have  been  worked  out  down  to 
within  eight  feet  of  the  coal  since  the  factory  was  erected.  The 
surface  is  stripped  and  tlien  everything  used  down  to  the  sheety 
shale  above  the  coal.  The  two  shales,  Xos.  2  and  3  of  the  sec- 
tion, both  form  a  portion  of  No.  13  of  the  general  section  above 
given,  3^0.  2  being  discolored  by  salts  of  iron  leaching  doAvn  from 
the  overlying  surface.  While  of  good  quality,  tliis  upper  layer 
is  rotten  and  shelly,  breaking  up  readily  into  small  quadrangular 
pieces.  The  main  stratum  of  the  shale,  No.  3,  is  a  soft,  smooth 
and  unctuous  material,  wholly  free  from  grit  in  its  lower  por- 
tions. The  upper  25  feet  is  more  sandy,  but  when  intimately 
mixed  in  equal  proportions,  as  they  are  in  the  dry  pans,  the  two 
layers  form  an  ideal  material  for  the  making  of  paving  brick. 
The  company  does  not  own  the  land,  but  pays  $100  a  year  for 
the  shale  used.  About  140  tons  are  required  each  day  to  make 
31,000  block.  The  quarrying  of  the  shale  is  let  by  contract,  the 
boss  receiving  83  cents  for  getting  out  the  material  for  each 
thousand  brick  and  furnishing  everything  except  the  tracks  and 
cars  of  tramway.  Thirteen  men,  receiving  an  average  daily  wage 
of  $1.55,  are  w^orked  in  the  pit. 

At  a  distance  of  12  feet  from  the  top  of  the  shale  stratum  No. 
2,  is  the  first  of  several  bands  of  rectangular  pieces  of  iron  car- 
bonate, about  one  and  one-half  inches  thick.  These  bands  occur 
at  inter\'als  of  six  inches  and  are  seen  almost  entirely  around  the 
pit.     Other  scattered  nodules  of  the  same  material  arc  occftsjou- 
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ally  found  in  the  shale,  but  not  in  sufficient  size  and  quantity  to 
prevent  their  being  ground  and  used.  Running  obliquely 
through  the  stratum  of  blue  shale  in  several  places  are  two  or 
three  narrow  curved  faults  or  fissures,  in  which  a  material  much 
smoother  and  more  unctuous  occurs.  This  corresponds  to  the  iron 
sediment  found  in  similar  faults  at  the  shale  pit  of  the  Indiana 
Paving  Brick  Company,  north  of  Brazil,  Clay  County. 

When  this  shale  pit  was  first  opened  the  upper  portion  of  the 
main  stratum  was  not  as  sandy  as  at  present,  and  the  brick  made 
of  the  material  from  this  pit  alone  were  apt  to  shrink  too  much 
in  burning  and  to  be  too  brittle,  owing  to  the  lack  of  silica. 
Mixed  with  a  more  siliceous  material,  the  blue  stratum  was  found 
to  be  capable  of  being  made  into  a  strong  hard  brick,  with  a  very 
low  power  of  absorption.  In  order  to  furnish  the  proper  amount 
of  silica,  the  company  formerly  used  the  yellow  drift  clay  over- 
lying the  shale  in  another  part  of  their  yard,  in  the  proportion 
of  three-fourths  of  the  shale  to  one-fourth  of  the  clay.  Later 
they  hauled  from  a  point  on  Norton's  Creek  the  sandy  shale 
already  mentioned,  which  they  mixed  in  equal  proportions  with 
the  No.  3  of  their  pit.  The  hauling  proving  too  expensive  they, 
in  1895,  hit  upon  a  shale  deposit  one-fourth  of  a  mile  east  of 
their  works  which,  when  mixed  with  the  No.  3,  gave  good  re- 
sults. Finally,  as  their  pit  was  opened  farther  back  into  the  bluff, 
the  upper  portion  of  No.  3  became  of  such  a  character  as  to 
furnish  all  the  necessary  silica.  The  block  now  made  are  of  an 
excellent  quality.  An  analysis  of  an  average  sample  of  the  ma- 
terials used  in  1895,  which  differ  little,  if  any,  from  those  now 
used,  was  made  by  Dr.  Noyes,  and  the  chemical  composition 
found  to  be: 

Analysis  of  Mixed  Shales  Used  by  tlce  Clinton  Paving  Brick  Company, 

Silica  (SiOs)    61.46 

Titanium  oxide  (TiOz) 1.20 

Alumina  (AUOa)  16.54 

Water  combined  5.09 

Clay  base  and  sand 84.29 

Ferric   oxide   (FeAO 3.77 

Ferrous  oxide  (FeO) 3.71 

Lime   (CaO)    66 

Magnesia  (MgO)    1.81 
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Potash  (K,0)   3.28 

Soda  (Na^O) 1.09 

Fluxes    14.32 

Carbon  dioxide  (COJ 1.45 


Total    100.06 

This  shows  a  very  close  approximation  to  the  standard  average 
composition  of  such  clays,  and  proves  the  mixture  well  fitted  for 
the  purpose  to  which  it  is  put. 

Three-fourths  of  a  mile  southwest  of  Clintony  on  the  northeast 
quarter  of  section  21  (14  north,  9  west),  coal  VII,  five  feet  six 
inches  thick,  is  being  worked  by  a  shaft  45  feet  deep,  by  the  In- 
diana Bituminous  Coal  Company.  The  section  of  the  shaft  at  the 
mine  shows: 

Section  of  Shaft  at  Mine  of  Indiana  Bituminovs  Coal  Company. 

Fett.         Inchet, 

1.  Drift  and  surface 17  0 

2.  Blue  shale   15  0 

3.  Limestone   0  6 

4.  Coal    1  6 

5.  Black  bituminous  Sheety  shale 5  0 

6.  Coal  VII   5  6 

7.  Fire-clay    4  0 

8.  Sandstone   0  0 

Nos.  2  and  7  of  the  section  could  be  used  in  making  many  kinds 
of  clay  wares. 

At  mine  No.  5  of  the  Indiana  Fuel  Company,  two  miles  south- 
west of  Clinton,  in  the  southeast  quarter  of  section  28  (14  north, 
9  west),  the  sinking  of  the  shaft  disclosed  the  following  section : 

Section  at  No.  5  Mine  of  the  Indiana  Fuel  Company, 

Feet,       Inehet. 

1.  Surface  and  yellow  clay 8  0 

2.  Shale,  light  gray  sandy 48  0 

3.  Coal    1-  0 

4.  Under-clay    4  0 

5.  Bastard  flinty  limestone 1  6 

6.  Dark  blue  shale 9  0 

7.  Black  sheety  shale 4  0 

8.  Coal  VII   5  0 

9.  Under-clay    2  6 
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Nos.  2  to  9  of  this  section  correspond  to  Nos.  7  to  12  of  the 
general  section.  The  shales  Nos.  2  and  6  and  the  under-clays  4 
and  9  could  be  worked  with  profit,  the  fuel  being  on  the  spot  and 
transportation  facilities  at  hand. 

One  mile  farther  southwest,  in  the  northwest  quarter  of  sec- 
tion 33  (14  north,  9  west),  a  switch  from  theC.  &  E.  I.  Railway 
has  been  run  up  a  small  tributary  of  Brouillet's  Creek  to  the  J. 
K.  Dering  mine.  The  shale  stratum,  No.  7  of  the  general  section, 
is  here  said  to  be  nearly  70  feet  in  thickness,  and  rises  above  the 
level  of  the  switch  near  the  shaft  about  30  feet.  The  foundations 
of  the  buildings  at  the  shaft  rest  directly  on  the  shale.  Coal  VII, 
as  mined,  averages  five  feet  in  thickness.  With  the  shale  exposed, 
as  it  is,  it  can  be  verj'  cheaply  obtained.  We  have  here,  therefore, 
an  excellent  site  for  a  large  clay  industry. 

Surface  clays  are  used  in  Vermillion  County  for  brick  and  tile 
making  only  at  Clinton  and  Rileysburg.  At  the  former  place  an 
alluvial  clay  is  used  to  a  depth  of  seven  feet  without  stripping, 
in  the  making  of  soft  mud  brick.  At  Rileysburg,  after  removing 
12  inches  of  soil,  the  underlying  clay  is  used  for  drain  tile. 

The  above  comprise  the  principal  and  more  available  deposits 
of  commercial  clays  which  came  to  my  notice  in  Vennillion 
County.  Many  others  doubtless  exist.  Those  mentioned  are  suf- 
ficient in  quantity,  and  in  quality  suitable  to  make  for  centuries 
many  of  the  products  which  are  now  brought  into  Indiana  from 
other  States. 

VIGO  COUNTY. 

Vigo  County,  in  which  the  city  of  Terre  Haute  is  situated,  lies 
on  the  western  border  of  Indiana,  about  midwav  between  the 
north  and  south  boundary  lines  of  the  State.  It  is  almost  quad- 
rangular in  shape,  but  as  the  Wabash  River  forms  its  southwest- 
ern border,  the  area  of  this  portion  is  from  one  to  five  miles 
wider  than  the  center.  The  county  has  an  extent  of  24  miles 
from  north  to  south  and  a  little  less  than  17  miles  in  average 
width ;  its  area  being  about  402  square  miles.  It  lies  south  of 
VeniiilHon  and  Parke  counties,  west  of  Clay  County,  north  of 
Sullivan,  and  ejist  of  Clark  and  Edgar  counties,  Illinois. 

The  surface  rocks  of  the  county  belong  wholly  to  the  Coal 
Measures  Epoch  of  the  Carboniferous  Period,  and  are  comprised 
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of  alternating  layers  of  sandstone,  shales,  coals  and  under-clays, 
with  an  oc<iasional  thin  stratum  of  limestone.  These  surface  rocks 
are  everywhere,  except  along  the  larger  streams,  covered  either 
by  a  thick  layer  of  drift  or,  iu  the  stream  valleys,  by  alluvium. 

"The  Wabash  River  flows  southwesterly  through  the  county, 
so  that  about  one-fifth  of  the  area  of  the  latter  lies  west  and  four- 
fifths  east  of  the  river.  The  immediate  valley  of  the  river  is  from 
four  to  five  miles  wide,  occupying  about  one-fourth  the  area  of 
the  county.  The  river,  at  the  ordinary  stage  of  water,  has  an 
average  width  of  about  600  feet.  Low  water  at  Terre  Haute, 
near  the  middle  of  township  12  north,  is  about  445  feet  above 
sea  level.  The  river  and  its  flood  plain  occupy  the  western  third 
of  the  valley,  the  eastern  portion  being  a  broad  terrace.  The 
flood  plain  or  first  bottoms  rise  from  14  to  20  feet  above  low  water 
in  the  river,  while  limited  areas  of  'second  bottoms'  rise  from 
10  to  15  feet  above  the  flood  plain.  The  terrace  on  the  east  rises 
from  50  to  75  feet  above  low  water  in  the  river,  but  toward  the 
south,  in  Prairie  Creek  Township,  it  merges  into  the  flood 
plain."* 

The  highlands  on  either  side  of  the  valley  have  an  elevation  of 
from  100  to  200  feet  above  the  river,  the  bluffs  in  some  cases 
being  quite  abrupt.  These  bluffs  form  the  borders  of  the  uplands, 
the  latter  being  usually  more  or  less  broken  by  the  erosion  of 
small  streams.  These  uplands  extend  to  the  confines  of  the 
county,  and  are  underlain  with  coal.  With  the  exception  of  the 
recent  sedimentary  clays  of  the  river  bottoms,  all  the  commercial 
clays  of  the  county  are  found  in  the  uplands,  or  outeropping  along 
the  hillsides  where  the  river  terraces  meet  the  uplands. 

"The  greater  part  of  the  county  is  drained  by  the  Wabash  and 
its  tributaries.  The  principal  streams  from  the  west  are  Brouil- 
let's  Creek,  Coal  Creek,  Sugar  Creek  (with  several  large 
branches).  Clear  Creek  and  Hawk  Creek.  These  streams  rise 
in  Illinois  and  flow  southeasterly  into  the  river  through  valleys 
from  one-quarter  to  a  half  mile  wide  and  from  30  to  80  feet 
in  depth.  The  streams  from  the  east  are  Otter  Creek,  Tx)st 
Creek,  Honey  Creek,  Prairie  Creek,  Turman's  Creek  and  Bus- 
seron  Creek.  Portions  of  Pierson  and  Riley  townships  are 
drained  to  the  southeast  by  Splunge  Creek  into  Eel  River.     The 

^BooyeU,  Slit  Ann.  Rep.  Ind.  Dep.  Qeol.  and  Nat.  Rei.,  1896,  p.  607. 
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valleys  of  the  river  and  its  tributaries  seem  to  be  the  channels 
of  an  earlier  drainage  system  that  have  been  partly  filled  with 
sand  and  gravel,  so  that  in  many  cases  the  beds  erf  the  present 
streams  are  from  25  to  100  feet  above  the  rocky  beds  of  the 
older  channels.  These  smaller  streams  are,  for  much  of  the 
summer,  "lost  creeks,"  a  fairly  good  stream  among  the  hills  dis- 
appearing in  the  sands  and  gravels  of  the  main  valley."* 

In  Vigo  County  the  conditions  are  especially  favorable  for 
successful  coal  mining;  for  the  growing  of  grain  and  market 
garden  products,  for  stock  raising  and  for  many  forms  of  manu- 
facturing. The  clay  industries  along  the  west  bluffs  of  the  Wa- 
bash have  developed  rapidly  in  the  past  five  years,  and  there  is 
little  doubt  but  that  the  county  will  soon  become  one  of  the 
great  clay  industrial  centers  of  Indiana. 

Due  mainly  to  the  work  of  an  energetic  commercial  club, 
Terre  Haute  in  the  past  two  years  has  grown  very  rapidly,  and 
her  population  is  now  very  near,  if  not  beyond  the  50,000  mark. 
Her  transportation  facilities  can  not  be  excelled  for  a  city  of 
that  size,  as  no  less  than  ten  different  railways  either  pass 
through  or  have  their  terminals  within  her  limits.  These  are 
the  St.  Louis  Division  of  the  Big  Four,  and  the  main  Division 
of  the  Vandalia,  both  of  which  pass  east  and  west  through  the 
city  and  the  full  width  of  the  county;  the  Peoria  Division  of 
the  Vandalia,  running  northwest  to  Peoria,  Illinois;  the  T.,  H. 
&  L.  Division  of  the  Vandalia,  northeast  to  Logansport  and 
South  Bend;  two  of  the  main  divisions  of  the  C.  &  E.  I.,  run- 
ning northwest  and  northeast;  the  E.  &  T.  H.,  running  south; 
the  E.  &  I.  and  the  Southern  Indiana  to  the  southeast,  and  the 
Chicago  Division  of  the  Southern  Indiana  to  the  northwest.  Con- 
necting all  of  these  is  a  belt  railway  passing  nearly  around  the 
city,  while  electric  interurban  lines  extend  east,  north  and  west 
and  add  to  the  traffic  facilities. 

Township  13  North,  Ranges  8,  9  and  10  West,  and  Part  of  1  West, 

With  the  exception  of  the  Wabash  terrace  or  second  bottom, 
in  the  west  half  of  8  west  and  the  east  half  of  9  west,  this  north- 
em  tier  of  townships  in  Vigo  County  is,  in  general,  a  rugged 

^SooreUt  Loo.  oit.t  p.  606. 
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region,  much  broken  and  cut  up  by  surface  streams.  Coal  VI 
has  its  eastern  outcrop  near  Coal  Bluff;  while  coal  VII  in  this 
area  occurs  only  west  of  the  Wabash  Eiver  and  in  a  small  area 
about  Atherton.  In  the  area  covered  by  coal  VI,  sandy  shales 
or  shaly  sandstones  predominate  close  to  the  surface,  the  layers 
of  workable  clayey  shales  being  few. 

One  mile  northeast  of  Coal  Bluff,  in  the  southeast  quarter  of 
section  5  (13  north,  7  west),  a  drilling  near  the  Gladstone  mine 
showed  the  following  strata  between  the  surface  and  the  under- 
clays  below  coal  IV: 

Pari  of  Section  Near  Olacdstone  Mine,  Northeast  of  Coal  Bluff, 

Feet,       Inchei, 

1.  Coal  Va  1  3 

2.  White  shale  : 4  5 

3.  Blue  shale    15  0 

4.  Sandstone   10  0 

5.  Gray  shale  3  0 

Place  of  coal  V 

6.  Under-clay    7  0 

7.  Shale,  blue  25  0 

8.  Sandstone   7  3 

9.  Shale,  gray  : 4  0 

10.  Coal  IV 4  2 

11.  Under-clay    3  0 

12.  Shale,  blue  10  7 

Of  the  strata  passed  through,  Nos.  2,  3,  6,  7,  11  and  12,  aggre- 
gating 65  feet  in  vertical  thickness  can,  if  necessary,  be  used 
for  clay  products,  and  show  a  plentiful  supply  of  clay  working 
materials  in  this  area.  Railway  facilities  are  excellent,  as  both 
the  C.  &  E.  I.  and  the  Big  Four  have  spurs  penetrating  this 
region. 

One  mile  southeast  of  Coal  Bluff,  on  the  land  of  James  Kes- 
sel,  G.  W.  Eppert  and  Leonard  Carter,  in  the  south  half  of  sec- 
tion 17  (13  N.,  7  W.),  a  fair  quality  of  potters'  clay  occurs  in 
the  valley  of  a  small  stream.  The  clay  is  exposed  at  several 
places  in  the  bed  of  the  stream,  and  test  bores  have  shown  it 
to  be  from  six  to  10  feet  thick,  and  overlain  with  one  to  four 
feet  of  soil  and  gravel.  The  bottom  of  the  stream  valley  is  about 
250  feet  in  width,  and  25  feet  below  the  level  of  the  surround- 
ing region;  the  clay  occurring  at  the  depth  mentioned  over  five 
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to  six  acres  in  this  bottom.  It  is  very  probably  the  partially  ex- 
posed and  weathered  iinder-clay  of  coal  VI,  which  is  found  seven 
feet  four  inches  thick,  at  a  depth  of  28  feet  below  the  top  of 
the  hills  on  either  side  of  the  valley.  The  clay  is  a  very  white, 
fine  grained,  plastic  material.  It  has  been  tested  at  Gas  City 
and  Brazil  potteries  and  found  to  make  a  good  grade  of  stone- 
ware, its  only  drawback  being  that  it  has  a  tendency  to  stick  to 
the  molds. 

The  strata  accompanying  coal  VII  occur  in  the  vicinity  of 
Atherton,  sections  6  (13  north,  8  Avest),  and  1  (13  north,  9  west), 
and  it  is  very  probable  that  the  overlying  blue  shales  will  be 
found  in  quantity  in  these  two  sections,  but  no  record  of  their 
occurrence  is  at  hand. 

On  the  west  side  of  the  Wabash  a  switch  of  the  C.  &  E.  I. 
Railway  has  recently  been  extended  south  from  Clinton  to  Mine 
No.  6  of  the  Indiana  Fuel  Company,  on  the  land  of  T.  Collins, 
in  the  northwest  quarter  of  section  16  (13  north,  0  west).  The 
shaft  of  this  mine  is  in  the  valley  of  a  small  stream,  and  on  the 
north  side  of  the  switch  where  it  turns  from  the  river  valley  into 
that  of  the  stream  there  is  an  exposure  of  shale  22  feet  thick. 
This  is  a  soft  drab  to  blue  clayey  shale  of  excellent  quality  for 
the  making  of  vitrified  wares.  An  occasional  nodule  of  kidney 
iron  ore  is  visible  in  the  outcrop.  This  shale  forms  the  greater 
part  of  the  surface  above  drainage  over  a  large  area  in  this 
vicinity,  being  exposed  35  feet  thick,  about  150  feet  east  of  the 
tip])le  of  Xo.  0  mine.  In  tliis  shaft  coal  VII  occurs  at  a  depth 
of  106  feet,  the  greater  part  of  which  is  shale. 

The  Chicago  exteuvsion  of  the  Southern  Indiana  Railway  is,  at 
tliis  writing,  l)eing  built  up  the  Coal  Creek  Valley,  through  sik!- 
tions  20  and  19  (13  north,  9  west),  and  24,  14  and  15  (13  north, 
10  west),  and  when  completed  w411  make  available  for  the  first 
time  fine  beds  of  shale  and  veins  of  coal  in  the  northwestern  cor- 
ner of  Vigo  County.  The  spur  of  the  C.  &  E.  I.,  above  mentioned 
as  running  south  from  Clinton  on  the  west  side  of  the  Wabash 
River,  has  been  graded  as  far  south  ^s  the  Coal  Creek  Valley. 
Near  the  point  where  this  grade  strikes  the  valley,  in  the  north- 
west quarter  of  section  28  (13  north,  9  west),  occurs  a  fine  out- 
crop of  shale.  This  exposure  is  best  seen  on  the  north  side  of  a 
roadway,  which  runs  east  and  west  on  the  north  side  of  Coal 
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Creek  valley.  Here  it  rises  15  or  more  feet  above  the  level  of 
the  roadway,  and  is  a  soft,  gray  to  blue  clayey  material.  At  a 
point  20  feet  higher  on  the  hill  and  200  yards  back  from  the 
valley  the  shale  is  overlain  with  sandstone.  If  the  C.  &  E.  I. 
extension  be  completed  this  deposit  of  shale  will  be  less  than  an 
eighth  of  a  mile  north  of  its  junction  with  the  Chicago  Division 
of  the  Soutliern  Indiana,  this  junction  being  on  the  south  side 
of  Coal  Creek  Valley  at  tlie  point  wliere  the  latter  merges  into 
tho  Wabash  Kiver  Valley. 

Farther  north  thick  beds  of  the  shale  overlying  coal  VII  out- 
crop at  a  number  of  localities.  At  Durkey's  Ferry,  in  the  north- 
west quarter  of  section  21  (13  N.,  9  W.),  it  is  18  feet  thick  and 
contains  many  ironstone  nodules,  some  of  which,  whbn  split  open,^ 
disclose  very  fine  impressions  of  fossil  plants. 

A  general  section  of  the  Coal  Creek  Valley  from  the  junction 
of  its  forks  in  the  northwest  quarter  of  section  23  (13  north,  10 
west),  to  its  iK)int  of  mergence  with  the  Wabash  Kiver  Valley, 
would  show  the  strata  to  l)e  about  as  follows : 

Section  Along  Uie.  SouHi  Side  of  Coal  Creek  Valley. 

Feet.       Inchee. 

1.  Surface  and  boulder  clay 8  0 

2.  Brown  sandy  shale 1  3 

3.  Drab  to  blue  clayey  shale  witli  scattered  iron- 

stone nodules  30  0 

4.  Dark  gray  fossiliferous  limestone 2  G 

5.  Black  sheety  bituminous  shale 1  2 

6.  Coal  Villa  1  0 

7.  Under-clay,  fine  drab   4  6 

8.  Shale,  gray  to  blue,  with  one  or  two  bands  of 

ironstone  near  its  base 53  0 

9.  Coal  VIII    4  8 

10.  Under-clay    7  0 

11.  Solid  buflf  to  gray  limestone 3  6 

12.  Gray   sandy   shale 6  0 

13.  Sandstone,  massive  buflf  to  gray 9  0 

14.  Shale,  drab  to  buflf l(>f  0 

In  the  southeast  corner  of  section  19,  just  west  of  the  "Coal 
Creek  Hill"  on  the  gravel  road,-  there  are  exposures  of  a  fine  clay 
shale  in  the  ravines  on  the  south  side  of  the  creek.  Coal  VIII 
has  been  stripped  a  half  mile  farther  up  the  creek,  and  the  shale 
outcrops  mentioned  are  those  of  Xo.  8  of  the  general  section. 
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above  the  level  of  that  stripping.  The  exposures  are  at  the  base 
of  the  shale  deposit,  the  upper  portion  being  covered  with  weath- 
ered shale  and  other  material,  so  that  the  exact  thickness  of  the 
shale  at  this  point  could  not  be  ascertained,  but  it  is  evidently 
more  than  40  feet.  This  deposit  is  not  over  200  yards  from  the 
new  Chicago  and  Southern  Indiana  Railway,  with  a  good  terrace 
or  second  bottom  between  for  a  factory  site.  Coals  VII  and  VI, 
both  of  workable  thickness,  can  be  mined  from  below  the  shale, 
so  that  the  site  is  one  well  worth  the  attention  of  prospective  clay 
manufacturers. 

On  the  north  side  of  the  creek  at  this  point  the  sandy  shale 
and  sandstone,  Nos.  12  and  13  of  the  section,  outcrop  15  feet 
above  the  bed  of  the  stream,  just  west  of  the  bridge. 

On  the  land  of  G.  W.  Leek,  in  the  southwest  quarter  of  sec- 
tion 19  (13  north,  9  west),  the  bed  of  the  creek  is  just  above 
coal  VIII,  which  has  here  been  stripped  in  a  number  of  places. 
Near  this  point  shale  No.  8,  30  to  40  feet  thick,  outcrops  in  bold 
bluffs  on  the  south  side  of  the  creek.  On  the  north  side,  along 
the  grade  of  the  railway,  the  shale  is,  in  general,  covered  with 
drift  and  weathered  material,  two  to  six  feet  in  thickness;  the 
bed  of  shale  itself  running  thinner,  but  averaging  18  to  25  feet. 

The  Coal  Creek  Coal  Company  owns  in  fee  simple,  or  has  un- 
der lease,  about  1,800  acres  of  land  along  this  valley,  and  controls 
the  finest  deposits  of  exposed  shale.-  One  of  the  most  available  of 
these  is  on  the  south  side  of  Coal  Creek,  on  the  southeast  quar- 
ter of  section  23  (13  north,  10  west).  At  this  point  the  base  of 
shale  No.  3  outcrops  15  feet  above  the  level  of  the  stream,  with 
black  shale  and  a  thin  layer  of  coal  Villa,  below  it.  In  Septem- 
ber, 1904,  an  old  abandoned  cornfield  occupied  20  to  30  acres 
of  the  slope  of  the  hill  above  the  shale  outcrop.  In  this  in  many 
places  the  shale  came  to  within  two  or  three  inches  of  the  sur- 
face, so  that  no  stripping  would  be  necessary.  The  bed  of  shale 
will  here  run  20  to  30  feet  in  thickness,  and  is  of  a  soft,  gritless, 
very  plastic  material,  suitable  in  the  highest  degree  for  vitrified 
wares  of  many  kinds.  The  grade  of  the  railway  is  about  200 
yards  to  the  north,  and  coals  VIII,  VII  and  VI,  all  of  workable 
thickness,  occur  beneath  the  shale  deposit.  A  dam  across  the 
stream  will  conserve  water  enough  for  all  purposes  or,  if  neces- 
sity required,  it  could  be  secured  from  deep  wells  or  piped  from 
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the  Wabash  River.  One-fourth  mile  below  this,  also  on  the  south 
side  of  the  creek,  in  the  southwest  quarter  of  section  24,  shale 
No.  8  outcrops  30  feet  thick,  with  a  layer  of  ironstone  boulders 
in  its  lower  third. 

On  the  B.  Swafford  land,,  in  the  east  half  of  section  15  (13 
north,  10  west),  there  is  a  bluff  of  shale  25  or  more  feet  in  verti- 
cal thickness,  exposed  along  Coal  Creek.  The  line  of  the  Chicago 
Division  of  the  Southern  Indiana  Railway  passes  within  a  quar- 
ter of  a  mile  of  this  outcrop. 

Just  above  the  junction  of  the  two  forks  of  Coal  Creek,  in 
the  northeast  of  the  northwest  of  section  23,  the  Coal  Creek 
Coal  Company  owns  80  acres.  On  it  the  old  shaft  of  the  Edding- 
ton  and  Vermillion  mine  passed  through  the  following  strata: 

Section  of  Eddington  and  Vermillion  Shaft, 

F«et.      •  Inchea. 

1.  Shale,  light  colored,  fine  quality 5  0 

2.  Limestone,  impure  and  shaley 0  6 

3.  CJoal  Villa  0  8 

4.  Shale,  of  good  quality 34  0 

5.  Limestone,  clayey 8  0 

6.  Shale    34  0 

7.  Coal  VIII   4  8 

Outcrops  of  both  shale  and  under-clay  occur  in  numerous  other 
places  in  the  Coal  Creek  Valley,  but  the  above  are  all  of  which 
I  have  especial  record.  There  is  little  doubt  but  that  in  a  few 
years  this  region  will  be  found  a  close  second  to  West  Terre 
Haute  in  the  clay  manufacturing  business. 

Township  12  North,  Ranges  8,  9  and  10  West, 

East  of  the  Wabash  River  there  are  but  few  beds  of  good 
available  clay  material  in  this  area.  While  coal  VII  occm-s  over 
much  of  the  region,  it  is  too  close  to  the  surface  to  have  much 
shale  above  it,  and  that  between  it  and  coal  VI  is,  in  general, 
too  sandy  for  clay  wares.  At  Seeleyville  the  section  exposed  in 
the  shaft  of  the  "Ray"  mine  of  the  Vigo  County  Coal  Company, 
disclosed  41  feet  of  sandy  shale  above  the  worked  seam  of  coal 
VI.  This  contained  too  high  a  percentage  of  silica  and  mica  to 
be  of  value.  The  under-clay  of  the  coal  is  but  18  inches  thick. 
A  lack  of  time  prevented  my  visiting  the  mines  farther  north 
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along  the  I.  &  St.  L.  Railway,  but  from  the  records  of  bores 
furnished  me  by  the  Coal  Bluff  Mining  Company,  I  should  judge 
the  conditions  there  to  be  about  the  same  as  at  Seeleyville. 

West  of  the  Wabash  River  there  occur,  in  the  area  under  con- 
sideration, the  best  known  shale  deposits  of  Vigo  County,  and 
the  only  ones  which,  up  to  the  present,  have  been  developed  to 
any  extent.  These  deposits  are  found  in  the  bluffs  of  the  Wa- 
bash and  occur,  in  the  main,  just  above  coal  VII,  which  is  the 
principal  worked  vein  in  the  area.  A  connected  section  along 
Sugar  Creek,  made  from  notes  by  Dr.  J.  T.  Scovell,  and  pub- 
lished in  the  1898  Coal  Report,  p.  749,  will  serve  to  show  the 
average  sequence  and  thickness  of  the  strata  in  the  upland  area 
west  of  the  river: 

General  Connected  Section  Along  Sugar  Creek, 

Feet,       Jnches.        Feet.       Jnchet. 

1.  Surf ace»  soil,  and  clay 1  0  1  0 

2.  SubsoU  yellow  clay 4+050 

3.  Boulder  clay    lOf  0  15  0 

4.  Shale    5+  0  20  '       0 

5.  Coal  VIII    1  4  21  4 

6.  Fire-clay  and  shale 3  0  24  4 

7.  Limestone,   crystalline   fossilif- 

erous   2  0  26  4 

8.  Shale,  light  colored  to  red G  to  12  0  38  4 

9.  Limestone,   impure,  flinty 1  0  39  4 

10.  Sandstone,  massive   11  0  50  4 

11.  Sandstone,  merging  into  shale.         14  0  64  4 

12.  Shale,    bluish    with    ironstones 

in  upper  part 28  6  92  10 

13.  Bone  coal  and  sheety  shale. ...  1  Q  93  10 

14.  Coal  VII    4  8  98  6 

15.  Fire-clay    10  0  108  6 

As  shown  by  the  above  section,  coal  VIII,  stripped  on  Coal 
Creek,  has  been  reduced  in  this  area  until  it  is  not  workable. 
Below  it  are  commonly  found  the  two  beds  of  limestone  from 
five  to  12  feet  apart,  and  below  these  sandstone  and  shale  to  coal 
VII.  The  following  extracts  from  Mr.  Scovell's  descriptions  of 
the  strata  between  coals  VIII  and  VII  may  be  taken  aa  a  gen- 
ei*al  description  of  this  area  and  the  strata  mentioned  in  the 
above  section : 

"The  fire-clay  and  shale  (Nos.  4  and  6)  on  Coal  Creek  and 
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northward  are  from  six  to  10  feet  in  thickness.  Toward  the  south 
the  variation  in  thickness  is  through  a  wider  range.  In  every 
place  that  I  have  been  able  to  examine  this  material  it  has  been 
a  fine  clay  shale,  free  from  grit.  In  a  bluff  on  Coal  Creek,  on 
the  southwest  of  the  northwest  of  section  28 — 12 — 9,  in  the 
lower  part  of  this  shale,  there  is  a  thin  layer  of  fine-grained, 
siliceous  rock,  about  one  foot  in  thickness.  It  is  light  brown 
in  color  and  is  traversed  by  tubes  of  varying  size,  that  possibly 
may  have  been  worm  tubes.    It  seems  to  be  of  limited  extent. 

"The  limestone  No.  7,  along  Coal  Creek  and  northward,  is 
flinty  and  nodular,  often  brittle,  and  breaking  with  a  conchoidal 
fracture.  Toward  the  south  this  limestone  becomes  a  hard, 
somewhat  crystalline  rock,  from  two  to  three  feet  thick.  The 
shale  No.  9,  below  this  limestone,  is  from  three  to  12  feet  thick, 
resting  usually  on  limestone  below.  This  is  a  fine  clay  shale, 
generally  free  from  impurity  of  any  kind,  but  sometimes  it  is 
seamed  with  limestone,  sometimes  it  is  reddish  or  bluish,  some- 
times  white  or  gray. 

"In  Fayette  township,  where  examined,  it  was  of  a  light  color. 
On  section  23  (12  north,  10  west),  and  on  the  southwest  quar- 
ter of  section  11  (11  north,  10  west),  it  is  light  colored,  but  on 
the  south  half  of  section  25  (12  north,  10  west),  and  on  the  east 
half  of  section  15  (11  north,  10  west),  and  at  other  places  it  is 
highly  colored,  but  always  of  a  fine  quality.  Near  the  center 
of  section  23  (12  north,  10  west),  the  two  limestones  outcrop  in 
the  bank  of  Sugar  Creek,  and  are  separated  by  12  feet  of  this 
valuable  shale.  But  about  a  quarter  of  a  mile  west  the  limestones 
outcrop  again,  with  not  more  than  three  feet  of  shale  between 
them,  and  this  containing  quantities  of  limestone,  generally  in 
boulders.  • 

"The  lower  limestone.  No.  9,  varies  greatly.  In  the  southern 
part  of  the  county  it  is  seldom  as  thick  and  never  of  as  good 
quality  as  the  upper  one,  and  is  called  by  the  miners  'bastard 
limestone.'  As  it  forms  a  thin  layer  over  the  sandstone  below, 
they  sometimes  fail  to  recognize  it  as  a  limestone. 

"The  sandstone  below  this  limestone  is  sometimes  massive  and 
of  uniform  texture,  forming  a  good  quarry  stone,  as  on  the 
southwest  quarter  of  section  28,  northwest  of  28,  and  the  south- 
"^est  Quarter  of  16  (13  north,  9  west),  but  towards  the  south  it  is 
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fragile  and  shaly.  It  merges  into  the  sandy  shale,  No.  11,  which 
sometimes  has  a  peculiar  wavy  structure.  These  sandy  shales 
merge  into  the  fine  clay  shales,  No.  12,  below,  so  that  it  is  diffi- 
cult to  say  how  much  there  is  of  either  of  the  three  strata  below 
the  limestone.  Perhaps  the  following  section  on  section  24  (12 
north,  10  west),  will  be  about  an  average.  Sandstone,  12  feet; 
sandy  shale,  10  feet ;  clay  shale,  30  feet."* 

One-half  mile  northwest  of  West  Terre  Haute,  and  just  north 
of  the  point  where  the  Vandalia  Railway  strikes  the  upland,  is 
a  tract  of  fine  shale  covered  land,*  to  which  special  attention  was 
called  in  the  1895  clay  report.  In  1901  the  Vigo  Clay  Company 
purchased  143  acres  of  this  tract  in  the  northwest  quarter  of 
section  19  (12  north,  9  west),  and  on  it,  about  50  rods  north 
of  the  railway,  erected  a  large  plant  for  the  making  of  hoUoAV 
brick,  fireproofing  and  kindred  vitrified  products  from  the  shale 
No.  12.  At  the  point  where  opened,  the  shale  was  covered  only 
by  drift  material,  a  section  of  the  pit  in  June,  1904,  showing  as 
follows : 

Section  of  Clay  Pit  of  Vigo  Clay  Company. 

Feet.       Inchet, 

1.  Soil  and  grravel  (stripped) 1  8 

2.  Yellow   clay  and  decomposed  shale,    stained   by 

oxide  of  Iron  7  0 

3.  Blue  shale   18  0 

4.  Ironstone  band  1  4 

5.  Gray  shale  containing  numerous  particles  of  pyr- 

ites of  iron 13  0 

G.    Coal  VII  5  C 

7.    Under-clay    8  0 

Of  the  above,  Nos.  2  and  3  were  being  mixed  and  used  in 
the  proportion  in  which  they  occur.  The  iron  pyrites  in  the 
lower  gray  shale  strata.  No.  5,  had  caused  the  abandonment  of 
that  portion  of  the  pit.  A  separate  coal  shaft  led  down  to  the 
coal  mined  for  fuel.  Wares  made  from  the  under-clay  No.  7 
alone  were  found  too  difficult  to  dry.  Mixed  with  the  shale,  in 
the  proportion  of  one  part  to  two,  it  made  a  fine  product,  but  as 
some  difficulty  had  been  experienced  •  in  getting  it  intimately 
mixed,  and  as  the  shale  occurs  in  plentiful  quantity,  the  under- 
clay  was  not,  at  the  time,  being  utilized. 

"^Tbe  Geology  of  Vigo  County,  in  2l8t  Ann.  Rep.  Ind.  Dep.  Geol.  and  Nat.  Res.,  1896,  pp. 
531-532. 
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The  mining  of  the  shale  in  the  pit  is  let  by  contract  at  12^ 
cents  per  car  holding  a  cubic  yard.  About  100  cars  are  used 
daily,  being  elevated  by  steam  po*ver  to  the  dump  above  the  dry 
pan. 

Water  in  abundance  for  this  factory  and  the  other  three  facto- 
ries north  is  secured  from  the  old  Vandalia  gravel  pit,  about  a 
third  of  a  mile  to  the  east.  The  hollow  brick  and  other  wares 
made  by  the  company  are  easily  and  cheaply  burned,  of  excel- 
lent quality,  and  have  a  wide  sale.  The  company  has  been  very 
successful  from  the  beginning,  having  been  far  behind  in  their 
orders  for  most  of  the  time  during  the  three  years  their  factory 
has  been  in  operation.  Some  trouble  is  experienced  with  shrink- 
age, as  the  raw  material  is  very  "fat"  or  plastic.  The  addition 
of  a  small  percentage  of  silica  or  ground  sandstone  would,  doubt- 
less, be  of  benefit.  Eight  or  nine  men  are  employed  in  mining 
the  coal  for  fuel.  The  coal  contains  quite  a  quantity  of  sulphur 
balls,  which  are  separated,  cleaned  of  attached*  coal  and  sold  at 
$3.00  per  ton  f.  o.  b.  at  the  factory.* 

Just  north  of  the  plant  of  the  Vigo  Clay  Company  is  that  of 
the  C.  M.  Miller  Mining  and  Manufacturing  Company,  erected 
in  1904  for  the  purpose  of  making  ordinary  brick.  Their  clays 
are,  for  the  most  part,  purchased  from  the  Vigo  Clay  Company, 
being  -alluvial  or  river  bottom  clays  obtained  from  the  low  ground 
about  a  quarter  of  a  mile  east  and  hauled  in  wagons  to  the  plant. 

One-third  of  a  milo  farther  north,  on  the  southeast  quarter  of 
then  northeast  quarter  of  section  18  (12  north,  9  west),  the 
National  Drain  Tile  Company  erected  ojie  of  their  four  Indiana 
plants  in  1902,  and  began  the  making  of  drain  tile  in  February, 
1903,  from  the  'So,  12  shale.  The  factory  is  on  a  narrow  terrace 
or  second  bottom  of  the  Wabash  Valley  on  the  east  side  of  the  St. 
Mary's  road,  and  about  160  yards  east  of  the  east  border  of 
the  upland.  Several  switches  of  the  Vandalia  run  to  each  of 
the  clay  factories  along  this  terrace,  the  Big  Four  just  to  the 
north,  and  much  the  nearer  to  two  of  them,  having,  for  some 
unaccountable  reason,  failed  to  put  in  a  spur.  The  pit  of  this 
company  is  just  north  of  the  plant,  and  shows  three  to  six  feet 
of  brownish  yellow  decomposed  shale,  with  12  to  16  feet  of  blue 

*FuU  desoriptions  of  this  and  other  clay  man  a  factories  northwest  of  West  Terre  Uaute 
will  be  found  in  a  later  section. 

11— Geology. 
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shale  beneath.  This  material  is  worked  down  to  the  black  sheety 
shale,  four  to  ten  inches  of  which  occur  just  above  coal  VII. 
The  latter  is  not,  as  yet,  mined,  but  a  slope  shaft  will  be  put  in 
as  soon  as  the  clay  pit  has  been  opened  a  little  deeper.  The 
mining  of  the  shale  is  let  by  contract  at  32  cents  per  car  holding 
two  cubic  yards,  delivered  at  the  pan.  Six  men  are  worked  in 
the  pit,  five  of  whom  receive  an  average  wage  of  $1.75  per  day. 
Forty  carloads  of  shale  are  taken  out  each  day,  this  quantity 
being- sufficient  to  make  a  kiln  of  tile  which  is  the  daily  output 
of  the  factory. 

Mr.  J.  F.  Morris,  the  superintendent  of  this  plant,  informed 
me  that  he  had  never  seen  a  tile  made  from  this  shale  deposit 
crack  in  drying.  The  extraordinary  quality  of  the  shale  for 
making  hollow  products  is  proven  by  this  minimum  of  loss  in 
drying.  He  said  that  at  the  .  Summitville  plant  of  the  same 
company,  w-here  he  formerly  worked,  the  tile  are  made  of  drift 
or  surface  clay,  and  when  five  tile  are  put  in  the  dry  room,  an 
average  of  but  little  more  than  three  are  taken  out  in  fit  condi- 
tion for  burning.  The  loss  by  cracking  in  burning  at  the  Terre 
Haute  plant  is  small,  and  it  is  not  the  fault*  of  the  clay,  but  of 
the  burner.  The  tile  made  at  this  plant  range  in  size  from  four 
to  thirty  inches,  and  are  shipped  to  all  parts  of  the  Mississippi 
Valley.  A  twenty-carload  order  for  Lawrence,  Miss.,  was  being 
loaded  at  the  time  of  my  visit.  This  plant  and  the  one  south 
of  Hillsdale,  which  ^ises  practically  the  same  material,  are  the 
most  successful  of  the  four  in  operation  by  the  company,  the 
demand  for  the  output  being  at  all  times  in  excess  of  the  supply. 

The  Terre  Haute  Brick  and  Pipe  Company,  in  1893,  pur- 
chased 100  acres  of  land  two  and  a  half  miles  northwest  of  Terre 
Haute,  in  the  northeast  quarter  of  section  18  (12  N.,  9  W.), 
almost  all  of  which  is  underlain  with  shale  and  coal.  Just  above 
the  high  water  mark  of  the  Wabash  Kiver,  and  a  few  hundred 
yards  south  of  where  the  St.  Louis  Division  of  the  Big  Four 
Railway  strikes  the  uplands,  this  company  erected,  in  1894,  a 
modern  plant  for  the  making  of  paving  brick,  hollow  brick  and 
vitrified  wares.  At  this  point  the  shale  overlying  coal  VII  comes 
close  to  the  surface,  a  section  in  the  pit  just  west  of  the  factory 
showing,  in  August,  1904,  as  follows: 


"J 
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Section  of  Clay  Pit  of  Terre  Haute  Brick  and  Pipe  Company. 

Fut.  Inches, 

1.    Soil  and  yellow  clay 2  6 

2..    Decomposed  brownish  yellow  shale 4  0 

3.    Blue  clayey  shale 14  0 

About  six  inches  of  the  top  is  removed  by  scrapers  and  the 
remainder  mixed  as  it  comes  from  the  pit.  The  main  body  of 
blue  shale  is  a  soft,  unctuous  material,  wholly  free  from  grit, 
and  containing  fewer  kidney  iron  ore  concretions  than  in  the  pit 
of  the  Vigo  Clay  Company.  In  the  pit  it  was  seen  to  lie  in 
laminBP  one,  and  a  half  to  four  inches  in  thickness.  About  140 
cars,  holding  one  and  a  fourth  cubic  yards,  are  used  each  day 
to  make  40,000  paving  brick.  The  shale  is  mined  for  15  cents 
per  car,  but  is  hoisted  by  the  company,  who  furnish  cars,  powder, 
etc. 

The  shaft  through  which  the  Torre  Haute  Brick  and  Pipe 
Company  mine  their  coal  is  located  in  a  ravine  about  one-third  of 
a  mile  northwest  of  their  brick  plant,  near  the  center  of  their 
tract  of  land.  Coal  VII  is  mined  at  a  depth  of  50  feet.  A  new 
air  shaft  was  being  completed  in  x\ugust,  1904,  which  showed : 

Section  of  Air  Shaft  Near  Mine  of  Terre  Haxde  Brick  and  Pipe  Company. 

Feet,       Jnche$, 

1.  Son  and  alluvial  clay 2  8 

2.  Shale,  light  gray 25  0 

3.  Kidney  Iron  ore  or  ironstone 1  4 

4.  Bluish  gray  clayey  shale 22  0 

5.  Coal  VII   4  10 

6.  Under-clay    lOf  0 

The  upper  ten  feet  of  No.  2  shale  contains  more  silica  than 
the  lower  portion,  but  when  mixed  with  the  latter  renders  it  of 
better  quality  for  working.  The  under-clay  below  the  coal  is 
not  now  being  utilized,  but  will  make  a  good  grade  of  hollow 
brick  or  sewer  pipe.  The  coal  is  hauled  to  the  brick  plant  in 
carts  and  dumped  by  the  side  of  the  kilns.  A  tramway  will 
eventually  be  put  in  for  hauling  both  it  and  the  under-clay.  In 
addition  to  the  land  owned  in  fee  simple,  the  company  has  under 
lease  the  coal  and  clay  on  200  acres  to  the  north. 

Just  to  the  west  of  the  land  of  the  Terre  Haute  Brick  and  Pipe 
Company  is  a  93-acre  tract,  owned  by  Hon.  Charles  Whitcomb, 
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all  of  which  is  underlain  by  the  thick  bed  of  No.  12  shale  above 
coal  VII.  The  coal  on  the  tract  is  being  mined,  but  the  shale 
has  not,  as  yet,  been  used.  It  will  be  found  suitable  for  all 
kinds  of  vitrified  products  and  for  drain  tile,  pressed  front  and 
ordinary  brick. 

The  same  shale  will  be  found  beneath  the  surface  of  the 
greater  portions  of  sections  12,  13,  24  and  25  and  the  west 
halves  of  6,  7,  18  and  19  (12  K,  9  W.). 

On  the  John  L.  Walsh  farm,  northeast  quarter  of  7,  the  shale 
is  covered  to  a  depth  of  five  or  more  feet  with  surface  soil  and 
hardpan.  The  upper  60  feet  of  a  bore  drilled  400  feet  north- 
west of  the  Walsh  line,  on  the  estate  of  the  Sisters  of  Providence, 
showed  the  presence  of  the  following  strata : 

Partial  Section  of  Bore  on  Land  of  Sisters  of  Providence,  Near  St,  Mary's, 

Feet.       Ineh4i.       Feet.       Inchee. 

1.  Surface    2  0  2  0 

2.  Hardpan    15  0  17  0 

3.  Under-clay    11  0  28  0 

4.  Drab  soapstone  shale 3  0  31  0 

5.  Blue  soapstone  shale 11  0  42  0 

6.  Limestone    1  0  43  0 

7.  Sandy  shale 7  0  50  0 

8.  Limestone   2  6  52  6 

9.  Soft  gray  shale 1  0  53  6 

10.  Blue  sandstone  1  0  54  6 

11.  Blue   shale    6  0  60  6 

Along  West  Little  Sugar  Creek,  on  the  north  half  of  section 
15,  and  in  the  west  half  of  section  9  (12  N.,  10  W.),  there  is 
a  bluff  nearly  a  mile  and  a  half  long,  on  the  lands  of  M.  G.  Lee, 
P.  J.  Ryan  and  Joseph  Ilickling,  which  is,  in  the  main,  composed 
of  an  outcrop  of  shale  of  good  quality.  In  some  places  the 
exposure  is  20  feet  or  more  thick.  The  necessary  stripping  is 
variable,  averasring  about  seven  feet,  and  is  heavy  at  no  point 
along  the  stream.  The  outcrops  are  underlain  with  two  or  three 
workable  veins  of  coal,  and  can  be  reached  by  a  spur  of  the 
Vandalia,  a  mile  or  so  in  length,  which  can  be  readily  constructed 
nip  the  valley  of  the  creek. 

"A  deposit  of  fine  clay  on  section  22  (12  N.,  10  W.),  is  said 
to  be  suitable  for  encaustic  tiling  and  high-grade  pottery  wares. 
A  partial  analysis  of  this  clay  by  Dr.  W.  A.  Noyes  is  as  follows : 
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SlUca    50.36 

Alumina  15.08 

Oxide  of  iron 4.45 

Loss'by  igniXion 13.98 

83.87 

Undetermined  substances   16.13 

Total    ^ 100.00 

"Prof.  Noyes  says  that  the  undetermined  substances  appear 
to  consist  largely  of  lime.  The  clay,  he  thinks,  may  be  of  value 
for  earthenware  and  similar  products."* 

On  the  "old  Casto"  or  Thorp  fann,  in  the  southeast  quarter  of 
section  23  (12  N.,  10  W.)  is  an  extensive  outcrop  of  shale  No.  8 
of  the  general  section.  This  is  within  one-third  of  a  mile  of 
the  Vandalia  Railway  and  by  the  side  of  Sugar  Creek;,  in  which 
is  found  a  never-failing  supply  of  water.  A  vein  of  coal  five 
feet  thick  is  found  at  a  depth  of  50  feet  and  another  at  130  feet. 
The  shale  is  exposed  to  a  depth  of  12  feet,  beneath  four  feet  of 
overlying  soil  and  clay.  It  is  a  soft,  light  gray,  unctuous  mate- 
rial, wholly  free  from  grit  or  pyrites,  easily  cut  with  a  knife  and 
very  plastic  when  ground  and  moistened.  Sample  paving  brick 
have  been  made  from  it,  which  were  very  tough  and  almost  non- 
absorbent.  The  shale,  according  to  analysis  by  Dr.  Noyes,  has 
the  following  composition : 

Analym  of  Shale  from  the  Old  '*OasW  or  **  Thorp''  Fann,  Sugar  Creek  Toum- 

ship,  Vigo  County, 

Silica  (SiOJ 61.05 

Titanium  oxide  (TiOJ 1.20 

Alumina  (A1,0J  21.4(i 

Water  combined  6.04 

Clay  base  and  sand OO.ri.*) 

Ferric  oxide  (Fe,OJ 5.57 

Ferrous  oxide  (FeO) 71 

Lime  (CaO) 2.") 

Magnesia  (Mg)    ^ 70 

Potash  (K,0)   2.:i4 

Soda  (Na,0)   30 

Fluxes   0.87 

Total   ..." 1(X)..j2 

*8ooTen»  Geol.  of  Vigo  Co.,  1896,  p.  571. 
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The  analysis  shows  this  to  be  a  much  purer  and  more  refrac- 
tory shale  than  the  average,  and  it  will  therefore  have  a  tend- 
ency to  shrink  in  burning,  which  can  be  readily  overcome  by 
mixing  with  it  some  of  the  overlying  surface  clay  or  a  shale 
containing  more  silica.  This  analysis  may  be  taken  as  fairly 
representative  of  the  average  composition  of  the  soft,  gray,  unc- 
tuous No.  8  shale  found  in  the  uplands  west  of  the  Wabash 
River. 
'  On  the  Larrimer  land,  in  the  northwest  quarter  of  section  25 
(12  N.,  10  W.),  occurs  another  large  outcrop  of  shale  Jfo.  8. 
It  is  in  a  ravine  one-eighth  of  a  mile  northwest  of  the  coal  mines 
which  are  worked  on  the  same  land.  This  shale  outcrops  over 
quite  an  area,  and  can  l>e  secured  by  easy  strij>ping.  It  is  under- 
lain with  two  or  more  veins  of  coal,  and  can  be  easily  reached 
by  a  switch  from  the  Vandalia,  one  mile  distant. 

Samples  of  this  shale  were  made  into  bricks  with  a  Boyd  dry 
press  machine,  and  also  into  paving  brick  for  Dr.  J.  T.  Scovell. 
The  pressed  front  brick  w^cre  of  a  rich  dark  reddish-brown  color, 
uniform  throughout;  had  a  clear  metallic  ring,  did  not  shrink 
much  in  burning,  did  not  warp,  and  were  tough,  not  chipping 
easily.  Arcliitect  Floyd,  of  Terre  Haute,  said  of  them  *'that  no 
finer  brick  were  ever  laid  in  Terre  Haute,  and  that  they  were 
w^orth  $30.00  per  thousand,  as  w-ell  as  one  dollar  was  worth  an- 
other." 

The  paving  bricks  shrunk  considerably  in  burning,  but  did 
not  warp.  They  were  hard  and  tough  and  absorbed  but  little 
moisture.  One  of  them,  tested  for  strength  by  Prof.  M.  A. 
Ilow^e,  at  the  Rose  Polytechnic  shops,  gave  the  following  results : 

'^A  bri-ck  from  Vigo  County  shale, — Cross  hreaJcing  test. — Area 
of  cross  section  8.49  inches,  supported  on  knife  edges  six  inches 
apart;  the  force  applied  by  knife  edge  midway  between  the  sup- 
ports, using  the  Riehle  testing  machine.  The  brick  broke  under 
a  pressure  of  6,040  pounds,  showing  a  strength  per  square  inch 
of  2,900  pounds.  In  the  compression  test  the  brick  was  on  cast- 
iron  supports,  with  pine  bedding.  Area,  6.27  inches.  The  speci- 
men cracked  at  88,000  pounds  and  failed  at  95,500  pounds, 
showing  a  strength  per  square  inch  of  15,230  pounds.  A  brick 
made  from  the  bottom  land  clay  used  by  the  Terre  Haute  Pressed 
Brick  Company,  when   subjected  to   the   same   tests,   showed  a 
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cross  breaking  strength  of  1,300  pounds  per  square  inch  and  a 
compression  strength  of  11,940  pounds  per  square  inch.  An- 
other, composed  of  one-third  shale  from  section  25  and  two- 
thirds  bottom  land  clay,  showed  a  cross-breaking  strength  of 
1,700  pounds  per  square  inch."* 

On  the  land  of  O.   A.   Harris,   southwest   of  the   southeast, 
quarter  of  section  25  (21  N.,  10  W.),  the  following  strata  are 
to  be  seen  in  a  ravine  a  short  distance  northwest  of  the  barn : 

Section  on  Land  of  G.  A,  Harris. 

Feet.  Inehee. 

1.  Soil  and  surface  clay 2  0 

2.  Limestone,  flinty,   fossUiferous 3  0 

3.  Soft  blue  shale 7  4 

4.  Limestone  In  thin  layers 1  0 

5.  Sandy  shale  8  0 

G.  *  Soft  blue  shale .' 2+  ^  0 

Ko.  3,  here  exposed,  is  evidently  No.  8  of  the  general  section 
along  Sugar  Creek.  Near  the  middle  of  the  stratum  is  a  band 
of  reddish  purple  shale  a  foot  or  so  thick,  which  weathers  into 
small  lenticular  fragments.  When  ground  and  moistened  it  is 
very  plastic  and  tough,  and  would  make  a  good  modeling  clay. 
The  limjestone  No.  2  has  been  quarried  to  some  extent  for 
macadam.  No.  6  is  exposed  in  several  places  150  yards  farther 
down  the  bed  of  the  stream  leading  from  the  ravine.  It  is  the 
No.  12  of  the  general  section,  and  is  doubtless  of  good,  workable 
quality  and  thickness. 

On  the  old  Butz  farm,  now  owned  by  the  G.  W.  Harris  estate, 
at  the  slope  shaft  of  the  West  Terrc  Haute  Coal  Company,  in 
the  southwest  of  the  northeast  of  section  25  (12  N.,  10  W.),  the 
following  strata  are  exposed : 

Section  on  G.  W.  Harris  Estate. 

Feet.       Inchee. 

1.  Soil  and  surface  clay 2  0 

2.  Buff  to  drab  sandy  shale 28  0 

3.  Soft  blue  clayey  shale 22  0 

4.  Sheety  shale  and  bone  coal 0  10 

5.  Coal  VII    5  2 

6.  Under-clay  in  sump 6  8 


^Bqovellt  GqoI.  of  Vigo  Co.,  2l8t  Ann.  Rep.,  p.  569. 
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Nos.  2,  3  and  6  of  the  section  are  all  of  them  of  good  quality, 
capable  of  being  made  into  many  kinds  of  vitrified  products.  No. 
2  by  itself  is  best  suited  for  ordinary  or  dry  pressed  brick. 
Mixed  with  No.  3,  it  will  add  to  the  quality  for  paving  brick  or 
sewer  pipe.  This  exposure  is  two  and  three-quarter  miles  a  little 
south  of  west  of  the  court  house  at  Terre  Haute,  and  seven- 
eighths  of  a  mile  south  of  the  Vandalia  Railway.  A  spur  to  reach 
it  would  have  to  cross  Sugar  Creek,  but  otherwise  the  expense 
would  not  be  above  the  average  for  such  distance.  The  same 
strata  will  be  found  close  to  the  surface  over  the  40  acres  just 
west,  viz.,  the  southeast  of  the  northwest  of  section  25.  Coal 
VII,  as  here  mined,  is  of  excellent  quality,  being  much  freer 
from  sulphur  than  at  some  of  the  mines  farther  north. 

The  above  constitute  all  of  the  clay  deposits  visited  west  of 
the  Wabash  Eiver.  The  three  large  factories  already  in  opera- 
tion have  fully  tested  the  shales  and  under-clays  and  have  proven 
their  fitness  for  making  almost  every  kind  of  vitrified  ware  used 
in.  the  State.  Other  tests  have  shown  them  highly  suitable  for 
terra  cotta,  pressed  front  brick  and  ordinary  brick.  The  under- 
clays,  when  properly  washed,  vsdll  also  make  a  good  quality  of 
stoneware.  Coal  VII,  5  feet  thick,  is  within  50  to  80  feet  of 
the  surface,  and  is  mined  at  a  number  of  places;  coal  VI,  270 
feet  below  the  surface,  is  six  feet  thick,  and  mined  at  the  Deep 
Vein  shaft,  near  the  plant  of  the  National  Drain  Tile  Company. 
Other  veins  of  coal  of  workable  thickness  occur  below  this. 
Three  railways  pass  through  this  area  and  another  is  graded  to 
within  its  border.  Water  in  abundance  can  be  had  for  the  pump- 
ing. With  all  these  factors  present,  it  is  safe  to  predict  that 
within  ten  years  clay  factories  of  large  size  will  be  in  sight  of 
one  another  on  the  west  bluffs  of  the  Wabash  from  below  West 
Terre  Haute  northward  to  Clinton  and  beyond. 

From  the  alluvial  or  sedimentary  clays,  found  in  the  lowlands 
ox  flood  plain  of  the  Wabash  River,  ordinary  soft  mud  brick  are 
made  by  a  number  of  factories  in  the  city  of  Terre  Haute.* 
These  factories  are  located  along  the  western  border  of  the  east- 
ern river  terrace,  and  the  clays  used  are  obtained  100  to  400 
yards  west  and  about  35  feet  below  the  level  of  the  yards.     The 


*See  statistical  table  near  end  of  paper. 
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clay  has  been  deposited  where  found  by  the  high  waters  of  the 
annual  overflows.  Its  thickness  has  never  been  determined,  but 
it  is  known  to  be  more  than  20  feet.  It  is  very  fine  in  texture, 
and,  for  a  river  bottom  clay,  remarkably  free  from  pebbles  and 
coarser  impurities.  It  shrinks  but  little  in  burning,  and  forms 
a  strong  and  durable  brick,  which,^  on  a  large  scale,  can  be  made 
for  a  little  less  than  $3.00  per  thousand,  and  usually  bring  $6.60 
delivered  in  the  city,  the  average  cost  of  delivery  being  about 
55  cents  per  thousand.  Some  of  these  common  soft  mud  brick, 
made  from  bottom  land  clay  in  the  south  part  of  Terre  Uaute, 
and  burned  hard,  showed,  in  tests  made  at  the  Rose  Polytechnic, 
a  cross  breaking  strength  of  570,  540,  890»  and  920  pounds  per 
square  inch,  and  a  compression  strength  of  1,410  and  2,010 
pounds  per  square  inch.  A  brick  two-thirds  shale  and  one-third 
bottom-land  clay  showed  a  cross  breaking  strength  of  1,200  and 
a  compression  strength  of  5,070  pounds  per  square  inch. 

For  a  time  dry  pressed-front  brick  were  made  from  this  river 
bottom  clay.  .They  were  very  hard  and  smooth,  but  the  clay 
had  a  tendency  to  burn  into  different  colors.  This  necessitated 
much  labor  in  the  assorting  of  the  finished  product.  No  less 
than  thirteen  different  shades  were  gotten  from  each  kiln.  This 
was  doubtless  due,  in  part,  to  the  non-uniformity  of  chemical 
composition,  which  such  a  clay  must,  of  necessity,  possess,  but 
more  largely  to  the  variations  of  the  burning  and  position  in  the 
kiln.  Nevertheless,  by  careful  assortment,  the  company  was  suc- 
cessful in  getting  a  good  percentage  of  first-class  brick,  and  the 
"seconds"  sold  readily  at  fair  prices  for  sidewalks  and  founda- 
tions. The  clay,  coming,  as  it  did,  from  the  river  bottoms,  was 
quite  full  of  moisture,  and  an  artificial  dryer  was  erected.  This 
did  not  prove  a  success,  and  the  plant  was  finally  changed  into 
one  for  making  ordinary  brick. 

At  Middleport,  Ohio,  similar  sedimentary  clays  from  the  low- 
lands of  the  Ohio  Kiver  are  used  by  two  large  factories  for  the 
making  of  vitrified  brick.  They  present  the  cheapest  fonn  of 
clay  which  can  be  used  for  paving  material,  as  they  can  be  dug 
by  steam  shovel  for  a  nominal  cost,  and  the  labor  necessary  to 
prepare  them  for  use  is  almost  nothing.  On  the  other  hand,  the 
excessive  plasticity  of  the  material  is  against  it,  as  it  is  diflScult 
to  prevent  faults  of  structure  in  forming  the  brick. 
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The  analysis  of  the  Terre  Haute  clay  (Noyes,  chemist)  is  here 
given  side  by  side  with  that  of  a  similar  sedimentary  clay  from 
the  lowlands  of  the  Ohio  River,  near  Colimibia,  Ohio,  and  which, 
according  to  Orton,  "was  worked  into  vitrified  wares  of  high 
grade." 

Analyses  of  Alluvial  days  from  Terre  Haute,  hid.,  and  Columbia,  Ohio, 

Terre  Haute.         Columbia. 

SUica  (SiO,)  (total) 66.11  63.73 

Alumina   (AlaO,)    13.78  17.17 

Water  combined  6.34  4.90 

Clay  base  and  sand 86.23  85.80 

Ferric  oxide   (Fe^O,) 5.35  6.85 

Lime   (CaO) 1.67  .58 

Magnesia  (MgO)   1.78  .97 

Potash  (K,0)   2.11  2.33 

Soda  (Na,0)   1.15  .67 

Fluxes 12.06  10.40 

The  physical  tests  above  mentioned  show  thaf  brick  from 
the  Wabash  alluvial  clay  did  not  rank  well  as  compared  with 
those  made  of  the  shale  west  of  the  river.  The  method  of  prep- 
aration and  burning  the  sample  brick  might  have  had  much  to 
do  with  the  low  results  obtained,  as  that  method  was  doubtless 
the  same  as  for  shale  brick.  The  chemical  analysis  abovie  given 
shows  nothing  present  which  would  affect  the  vitrification  of  the 
clay  under  the  proper  burning. 

Township  11  North,  Ran/jes  8  and  9  West. 

In  this  area  occur  the  principal  clay  deposits  of  Vigo  County, 
east  of  the  Wabash  River.  Township  8  west  corresponds  to 
Riley,  and  9  west  to  Honey  Creek  of  the  civil  townships.  The 
area  is  drained  by  Honey  Creek,  which  flows  a  little  south  of 
west  across  the  two  townships,  and  receives  numerous  small  trib- 
utaries from  the  north  and  south.  Three  railways,  the  E.  &  T. 
II.,  the  E.  &  I.  and  S.  I.,  cross  the  region  and  furnish  the  best 
of  transportation  facilities.  Coal  VII  occurs  over  the  northern 
half  and  southwestern  corner  of  Rilev,  and  the  northeastern 
corner  and  southern  half  of  Honey  Creek,  and  the  shales  above 
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this  coal  fonn  the  most  vahiable  clay  resources  of  the  two  town- 
ships. In  section  3"!,  in  the  southwestern  corner  of  Riley,  this 
shale  is  50  feet  or  more  in  thickness. 

One  mile  northwest  of  Riley,  on  the  land  of  the  J.  M.  Sankey 
estate,  northeast  quarter  of  section  17  (11  X.,  8  W.),  the  E.  &  1. 
Railway  runs  by  the  side  of  a  large  deposit  of  soft,  gray,  clayey 
shale.  This  is  more  than  20  feet  thick,  and  lies  above  Coals  VII 
and  VIb,  the  latter  at  this  point  being  five  to  six  feet  in  thick- 
ness and  mined  less  than  one-fifth  of  a  mile  to  the  southeast. 
The  shale  has  been  exposed  in  numerous  .places  along  the  grade 
of  the  railway  and,  on  the  hill  to  the  west,  has  but  about  two 
feet  of  soil  and  yellow  surface  clay  above  it.  It  is  also  exposed 
in  the  ditches  along  the  Terre  Haute  and  Ittley  road  just  to  the 
east,  and  underlies  the  greater  part  of  the  I).  M.  Wallace  farm 
on  the  east  side  of  that  road,  the  Wallace  house  standing  on  an 
elevation  of  the  shale. 

This  shale  is  very  free  from  silica  and  other  impurities,  and 
can  be  made  into  all  kinds  of  vitrified  products,  terra  cotta  and 
dry  pressed  brick.  With  a  railway  already  in  place  and  good 
coal  beneath  it,  it  offers  a  most  excellent  site  for  the  location  of 
a  clay-working  factory. 

At  the  Fisk  mine,  on  the  southwest  corner  of  the  Wallace 
farm,  coal  Vlb  of  fine  quality,  being  free  from  sulphur  and  burn- 
ing to  a  white  ash,  is  mined  at  a  depth  of  50  feet.  A  section  of 
the  shaft  of  the  mine  shows : 

Section  of  Sh<tft  of  Fisk  Mine^  One  Mile  Nortiiwest  of  Riley. 

Feet,       Inche$, 

1.  Soil  and  surface  clay 4  0 

2.  Blue  gray  clayey  shale 8  0 

3.  Gray   sandy   shale *..  3  (> 

4.  Coal   VII   1  G 

5.  Under-clay    1  8 

G.  Coal  VII    '. 1  6 

7.  Under-clay    4  0 

8.  Black  bituminous  shale 1  8 

9.  Sandstone    3  0 

10.  Limestone    4  0 

11.  Black  sheety   shale 12  0 

V/.  Coal  VIb  5  0 

13.  Under-clay    10  0 
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Not  over  three  acres  of  the  coal  have  as  yet  been  worked  out 
bj  the  present  operators,  who  pay  8  cents  per  ton  royalty.  The 
shales  2  and  3  and  the  under-clays  5,  7  and  13,  aggregating  27 
feet,  are  all  workable  products,  and  should  be  used  in  connection 
with  the  coal.  Coal  VII,  here  represented  by  two  veins,  sep- 
arated by  20  inches  of  under-day,  could  bo  uiinod  with  profit  if 
the  intervening  clay  were  utilized. 

Two  miles  west  of  Riley,  on  the  southwest  quarter  of  IS  and 
the  northwest  quarter  of  10  (11  ?}.,  8  W.),  and  on  the  northeast 
quarter  of  section  24  (11  N.,  9  W.),  there  are  outcrops  of  the 
shale  overlying  coal  VII  on  the  lands  of  B.  Franklin,  Spencer  & 
Hazel  ton  and  W.  Fair.  These  exposures  were  made  while  grading 
the  east-west  road  that  passes  between,  the  quarter  sections  men- 
tioned. They  are  3  to  12  feet  in  thickness,  with  1  to  7  feet  of 
yellow  surface  clay  above  and  bottom  hidden.  The  shale  is  drab 
to  buff  in  color,  but  will  be  found  blue  at  greater  depths.  It 
will  make  all  grades  of  vitrified  wares  and  dry  pressed  and  ordi- 
nary brick.  The  Southern  Indiana  Railway  passes  betw^een  the 
outcrops  and  within  350  feet  of  all  of  them,  while  one  or  more 
workable  veins  of  coal  will  be  found  below  them. 

On  the  N.  Jones  fann,  in  the  northwest  of  the  northeast  sec*tion 
18  (11  N.,  8  W.),  a  bore  in  search  of  coal  passed  through  52  feet 
of  blue  clayey  shale  (soapstone)  in  the  first  71  feet  drilled.  Coal 
VIb,  four  feet  in  thickness,  overlying  seven  feet  of  a  good  grade 
of  under-clay,  was  found  at  a  depth  of  117  feet. 

On  the  old  "Tuller"  farm,  in  the  northwest  quarter  of  section 
13  (11  ]Sr.,  9  W.),  is  a  bluff  of  shale  30  feet  in  thickness.  The 
point  where  found  is  only  one-quarter  of  a  mile  east  from  the 
E.  &  I.  and  S.  I.  Railwavs  and  one-half  mile  from  the  E.  &  T.  II. 
Railway.  A  valley  along  which  a  switch  could  be  easily  con- 
structed leads  to  all  three.  The  shale  is  of  good  quality  and  con- 
tains a  higher  percentage  of  free  silica  than  at  the  Sankey  deix)sit 
near  Riley,  but  not  too  much.  Coal  has  not  been  found  here, 
but  borings  will  undoubtedly  show  the  presence  of  one  or  two 
workable  veins  below  the  shale.  A  dam  across  Little  Honey 
(^re(»k,  on  which  the  outcrops  occur,  would  insure  a  plentiful 
su])ply  of  water. 

Of  this  Tuller  de}>(>sit  Dr.  Scovell  wrote:*     *\SpecinuMis  taken 

*0<?ol.  of  Vigo  Co.,  1896,  p.  570. 
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SO  as  to  represent  the  average  of  the  bluflF,  both  sand  and  shale, 
were  sent  to  H.  S.  Grimes,  Portsmouth,  Ohio,  who  had  them 
made  into  'Ilallwood  block'  pavers.  Whefi  he  sent  tli^  brick  to 
me  Mr.  Grimes  wrote  ^that  there  never  was  a  better  brick  made/ 
They  were  of  a  rich  brown  color  and  apparently  in  every  way  a 
first-class  brick.  They  were  considerably  lighter  than  the  ordinary 
block  and  somewhat  larger,  as  they  did  not  shrink  in  burning." 

On  the  O.  S.  Smith  land,  in  the  northeast  quarter  of  section 
36  (11  N.,  9  W.)  is  an  exposure  of  good  shale  12  feet  or  more 
in  thickness,  above  the  creek.  Coal  VII  occurs  a  few  feet  below 
it,  and  is  mined  on  the  J.  W.  Smith  farm,  just  to  the  west.  On 
South  Honey  Creek,  in  the  northwest  quarter  of  section  25  (11 
N.,  9  W.),  occurs  a  fine  outcrop  of  shale,  and  on  the  same  creek, 
in  the  southwest  quarter  of  section  24,  within  one-half  mile  of 
the  E.  &  T.  H.  Railway,  is  another  exposure. 

The  above  constitute  the  principal  visible  deposits  in  Riley  and 
Honey  Creek  townships.  A  number  of  them  well  merit  develop- 
ment, as  all  the  necessary  factors  for  a  successful  clay  manufac- 
tory are  present. 

Township  10  North,  Rawjes  S  and  9  West. 

Coal  VII,  with  its  overlying  shales,  overlies  the  west  half  of 
10  north,  8  west  (Pierson  Township)  and  the  east  half  of  10 
north,  9  west  (Linton  Township).  The  Southern  Indiana  Rail- 
way runs  northeast  and  southwest  diagonally  across  Pierson,  and 
the  E.  &  T.  H.  north  and  south  through  the  eastern  third  of 
Linton. 

On  the  northwest  quarter  of  section  6  (10  N.,  8  W.),  Pierson 
Township,  there  is  a  fine  cliff  of  shale,  known  as  the  "Paint 
Mine."  It-is  distant  a  mile  and  a  quarter  west  from  the  Southern 
Indiana  and  one  and  three-quarters  miles  east  of  the  E.  &  T.  H. 
Railways.  For  a  number  of  years  the  shale  was  pulverized,  bar- 
reled and  shipped  to  different  parts  of  the  country  to  be  used  as 
a  body  for  paints.  The  company  worked  under  difficulties  of 
various  kinds,  but  no  fault  was  ever  found  with  the  material  it 
sent  out.  Coal  VII  is  reported  to  lie  32  feet  below  the  Paint 
bank,  and  to  be  18  inches  thick.  As  there  is  15  to  20  feet  of 
shale  over  the  Paint  bank,  there  is  indicated  a  thickness  of  about 
50  feet  of  a  fine  grade  of  shale. 
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^  On  the  north  side  of  the  road  which  runs  by  the  "mine"  the 
shale  is  exposed  above  the  water  in  South  Honey  Creek  to  a 
thickness  of  19  feet,  with  3  to  9  feet  of  surface  clay  above  it. 
Near  the  lx)ttoni  of  the.  exposure  are  two  or  three  thin  bands  of 
ironstone  concretions.  At  the  worked  opening  on  the  south  side 
of  the  road  the  cover  of  yellow  clay  is  10  to  13  feet  and  the 
shale  16^  feet  thick.  At  this  point,  in  August,  1904,  the  shale 
had  weathered  into  cubical  blocks,  two  to  five  inches  in  size,  with 
few  or  no  iron  nodules  visible.  It  is  of  a  light  gray  color,  very 
fine-grained  and  uniform  in  composition,  and  forms  one  of  the 
finest  exposures  seen  anywhere  in  the  State.  Mr.  W.  P.  Blair, 
of  the  Terre  Haute  Brick  Company,  tells  me  that  he  has  burned 
pieces  of  the  shale  in  his  kilns,  and  that  no  better  burning  mate- 
rial can  be  found.  Dr.  Scovell  savs  that  '4n  this  locality  there  are 
several  ironstone  bands  in  this  shale,  with  manv  nodules  of  the 
same  material.  One  owner  of  the  quarry  used  to  make  hone 
stones  from  these  clay  ironstone  layers  that  were  of  the  finest 
quality.  They  were  known  as  the  ^Fera  hone  stones.'  The  shale 
from  this  locality  makes  good  brick,  but  they  are  mottled  gray  in 
color.  If  the  ironstone  were  crushed  with  the  shale,  the  mass 
would  doubtless  make  a  brick  of  a  good  red  color  and  great 
strength.  The  material  would  make  a  handsome  stiff  mud,  re- 
pressed front  brick." 

The  same  stratum  of  shale  outcrops  in  a  number  of  places 
along  South  Honey  Creek,  north  of  the  Paint  Mine,  forming  the 
surface  rock  over  the  greater  part  of  the  southeastern  quarter  of 
section  31.  It  is  also  exix)sed  in  a  bold  bluff  about  a  half  mile 
south  on  the  same  stream,  the  quality  there  being  fully  as  good 
as  at  the  Paint  Mine.  Another  good  exposure  occurs  on  the  S. 
Hedges  farm,  in  the  southwest  quarter  of  section  17  (10  N.,  9 
W.),  where  an  outcrop  of  coal  VIII  is  overlain  by  20  feet  of  clay 
shale. 

On  the  land  of  William  Forbes,  southwest  quarter  of  section 
28  (10  N.,  8  W.),  along  a  branch  of  Busseron  Creek,  is  an 
exposure  of  a  good  quality  of  the  shale,  overlying  coal  VII.  The 
point  of  outcrop  is  four  miles  northwest  of  Lewis  and  three-quar- 
ters of  a  mile  north  of  a  branch  of  the  Southern  Indiana  Rail- 
way. The  outcrop  rises  8  to  10  feet  above  the  stream  and  has 
a  cover  of  four  to  six  feet  of  soil  and  yellow  surface  clay.     Just 
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to  the  ^est,  on  the  land  of  Theo.  Walters,  northeast  of  southeast 
of  sectioi\  29,  are  several  other  exposures.  One  of  these  extends 
eight  feet  above  the  stream  and  is  several  hundred  feet  in  length. 
The  shale  is  drab  to  light  bluish  gray  in  color,  free  from  grit 
and  of  fine  quality  for  all  vitrified  wares,  terra  cotta  and  various 
kinds  of  brick. 

Less  than  one-quarter  of  a  mile  to  the  south,  on  the  land  of 
Burr  Ilendrickson,  in  the  southeast  of  the  southeast  of  29,  a  drill 
hole  showed: 

Section  of  Bore  on  Burr  Ilendrickson  Ixind. 

Feet,       Inches, 

1.  SoU  and  surface  clay (>  0 

2.  Drab  to  blue  shale 30  '0 

3.  Coal  VII;  poor  quality 3  0 

The  thickness  of  the  shale  in  this  bore  indicates  that  it  w-ill 
be  found  over  quite  an  area  in  this  region.  Away  from  the 
streams  the  cover  of  yellow  clay  will  run  four  to  10  feet,  a  part 
of  which  can  be  mixed  with  the  shale  if  the  latter  is  ever  worked. 
Coals  VI,  V  and  IV,  of  workable  thickness,  should  be  found  be- 
low coal  VII. 

The  deposits  of  Vigo  County  clays  above  mentioned  are  all 

valuable,  and  a  factory  kxiated  at  any  one  of  them  will,  under 

normal  conditions,  prove  a  paying  investment.    The  city  of  Terre 

Haute  will  doubtless  maintain  in  the  future,  as  it  has  in  the  past, 

a  steady,  onward  growth,  and  will  use  claj  products  for  buildings 
and  roadways  to  the  value  of  many  millions  of  dollars.     With 

large  deposits  of  the  raw  materials  suitable  in  the  highest  degree 
for  making  such  products,  with  the  best  of  fuel  for  burning  these 
materials  into  their  proper  shapes,  and  with  ten  railways  stretch- 
ing in  all  directions,  ready  at  a  moment's  notice  to  carry  the 
surplus  to  less  favored  cities,  there  is  no  reason  why  the  clay 
industry  should  not  soon  take  front  rank  among  the  varied  manu- 
facturing interests  of  the  county. 

CLAY  COUNTY. 

This  county  lies  a  little  southwest  of  the  center  of  the  State, 
being  separated  from  the  Illinois  line  by  Vigo  and  part  of  Sulli- 
van Counties.  It  lies  south  of  Parke,  west  of  Owen  and  the  south 
half  of  Putnam  and  north  of  Owen  and  Greene  Counties.     In 
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general  shape  it  is  long  and  narrow,  having  a  length  from  north 
to  south  of  30  miles,  and  a  width  varying  from  10  to  16  miles,  its 
area  being  360  square  miles. 

The  Geological  Epochs  represented  in  the  surface  rocks  of  the 
county  are  three — the  Huron  Group  of  the  Lower  Carboniferous 
and  the  Mansfield  Sandstone  and  the  Coal  Measures  of  the  Car- 
boniferous Period.  The  rocks  of  the  Huron  Group  outcrop  only 
along  Eel  Kiver  and  its  tributaries,  in  the  eastern  third  of  the 
center  of  the  county.  Here  the  streams  have  eroded  through  the 
overlying  Mansfield  Sandstone,  which  forms  the  surface  above 
and  on  either  side  of  the  outcrops  of  the  Huron  rocks;  the  area 
covered  by  this  sandstone  being  also  limited  to  the  eastern  third 
of  the  center.  The  Coal  Measure  rocks  cover  the  western  two- 
thirds  of  the  center  of  the  county  and  extend  clear  across  its 
northern  and  southern  thirds. 

In  general  Clay  County  is  \erj  level,  especially  the  western 
half.  Some  broken  country  occurs  along  the  eastern  margin, 
especially  along  Croy's  Creek  and  east  of  Eel  River,  in  Washing- 
ton Township.  Some  rough  country  is  also  found  in  the  northern 
third,  along  the  banks  of  the  north  and  south  forks  of  Otter 
Creek,  which  cut  deeply  into  the  general  level.  With  these 
exceptions,  the  existing  streams  have  either  not  channeled  deeply 
or  their  banks  present  rather  gentle  slopes.  Eel  River  and  many 
of  the  streams  running  into  it  have  broad  bottoms,  the  Eel  River 
bottom  becoming  as  much  as  five  miles  wide  before  leaving  the 
county.  Near  the  southwestern  comer,  on  Splunge  Creek,  is  a 
large  basin  with  very  gentle  slopes.  A  part  of  this  basin  is 
drainless,  except  by  artificial  means. 

While  the  surface  of  the  county  can  be  thus  described  as  gen- 
erally level,  drilling  and  mining  have  shown  that,  could  the  soft 
surface  deposits  of  sand,  clay  and  gravel,  laid  down  by  the  glacier 
or  since,  be  removed,  the  surface  would  be  found  completely  cut 
up  with  valleys  of  the  old  pre-glacial  streams  and  their  narrow 
intervening  ridges.  Except  where  some  of  the  larger  existing 
streams  have  in  part  cut  out  the  filling  of  their  old  channels,  the 
present  surface  gives  no  clue  to  the  irregularities  of  the  old  sur- 
face. As  these  old  hidden  valleys  are  often  broad  and  up  to  150 
feet  deep,  they  often  cut  out  large  strips  of  coal,  and  make  almost 
valueless  a  piece  of  coal  land  that,  judging  only  from  the  present 
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surface,  would  be  supposed  to  be  entirely  underlain  with  coal  and 
clay.  This  makes  it  necessary  to  make  a  large  number  of  drill- 
ings in  order  to  determine  the  amount  of  coal  or  clay  under  a 
given  piece  of  land. 

The  north  and  south  forks  of  Otter  Creek,  flowing  into  the 
Wabash  Eivei*,  drain  the  northwestern  part  of  the  county.  The 
rest  of  the  county  is  drained  by  Eel  Eiver,  which  empties  into 
White  Kiver.  Croy's  Creek,  Six-Mile  Creek,  Hog  Creek,  Birch 
Creek,  Big  Creek  and  White  Oak  Creek  are  the  principal  tribu- 
taries of  Eel  Eiver. 

Clay  County,  especially  in  its  northern  half,  is%well  supplied 
with  railroads.  The  St.  Louis  Division  of  the  Big  Four  crosses 
the  northern  edge  of  the  county,  while  the  Terre  Haute  and 
Indianapolis  (Vandalia)  Eailway,  of  the  Pennsylvania  System, 
crosses  at  the  latitude  of  Brazil,  and,  with  its  Center  Point  and 
other  branches,  forms  the  chief  outlet  for  the  central  portion. 
The  Central  Indiana  (Midland)  runs  north  from  Brazil  through 
Carbon.  The  Momence  Division  of  the  Chicago  &  Eastern  Illi- 
nois runs  northwest  from  Brazil,  and,  with  several  branches,  serves 
as  the  outlet  for  Chicago  and  the  north.  In  the  southern  part  of 
the  county  is  the  Evansville  &  Indianapolis  Eailway,  branching 
at  Saline  City  to  Brazil  and  Terre  Haute,  where  connections  are 
made  in  all  directions.  The  final  surveys  of  two  other  lines,  viz., 
the  Indianapolis  Divisions  of  the  Monon  and  the  Southern  In- 
diana, are  now  being  made,  and  they  will  probably  be  completed 
in  1905.  They  will  pass  east  and  west  through  the  southern  half 
of  the  county,  and  will  make  easily  available  much  coal  and  clay 
which  has  hitherto  been  of  little  value  on  account  of  a  lack  of 
transportation  facilities. 

Clay  County  has  long  been  noted  as  the  mining  center  of 
Indiana.  Its  beds  of  non-caking  block  coal  are  the  most  exten- 
sive found  in  the  United  States,  and  their  development  has  added 
much  to  the  wealth  and  prosperity  of  the  county.  The  beds  of 
bituminous  coal  underlying  the  western  half  of  the  county  are 
also  of  great  economic  value,  and  their  working  gives  employment 
to  many  hundreds  of  men. 

Since  1890,  however,  another  industry,  based  upon  the  clay 
resources  of  the  county,  has  come  to  the  front,  and  will  soon  out- 
strip even  that  of  coal  mining  in  importance.    Brazil,  the  county 
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seat,  has  become,  since  that  date,  the  leading  clay  manufacturing 
center  of  the  State.  Eleven  large  companies,  each  with  an 
invested  capital  of  $40,000  to  $200,000,  have  been  formed,  and 
are  to-day  busily  engaged  in  making  from  the  under-clays  and^ 
shales  of  the  vicinity  many  different  kinds  of  clay  products.  Pre- 
vious to  the  date  mentioned,  the  clays  of  Clay  County  had  re^ 
ceived  little  attention.  Two  potteries  had  used  the  under-clay  of 
coal  V  for  making  stoneware,  and  Weaver  Bros,  had,  for  21  years, 
made  ^'stone"  pumps  from  the  under-clay  beneath  coal  IV.  Other 
than^  this  no  use  whatever  had  been  made  of  a  resource  which  is 
destined  to  oniial  in  value  that  of  the  seams  of  coal  which  it 
accompanies. 

Township  13  NoHli,  Range  6  and  Part  of  7  West. 

This  area,  comprising  60  square  miles,  lies  along  the  northern 
edge  of  the  coimty,  and  embraces  the  civil  townships  of  Van 
Buren,  Brazil  and  Pick  Johnson.  It  is  well  traversed  with  rail- 
ways, and,  except  the  southeastern  corner  of  13  north,  6  west,  is 
overlain  with  coals  V,  IV  and  III.  Of  those  coal  V  is  usually 
known  as  the  ridor  vein,  and  coals  IV  and  III  as  the  "upper  and 
lower  block  veins." 

The  main  workable  clays  in  the  area  are  a  bed  of  blue  to  gray 
shale  overlying  coiil  V,  a  bed  of  similar  shale  between  coals  V 
and  IV,  and  the  under-clays  below  coals  V,  IV  and  III.  The 
shale  above  coal  V  is  in  places  black,  bituminous  and  sheety;  in 
other  places  it  acquires  a  thickness  of  20  to  30  feet,  in  which 
case  it  is  usually  a  drab  or  blue  color,  and  has  been  found  very 
suitable  for  the  manufacture  of  clay  products.  At  some  points 
its  middle  ]X)rtion  is  replaced  by  a  shaly  sandstone.  The  under- 
clay  below  V  is,  when  weathered  or«properly  ground  and  washed, 
a  good  stoneware  or  potters'  clay,  having  been  used  for  40  years 
in  potteries  in  the  vicinity  of  Brazil. 

The  space  between  coals  V  and  IV  is  very  variable  in  thick- 
ness. In  the  Ashley  shaft,  just  northeast  of  Brazil,  it  is  over  35 
feet.  At  the  Xew  Nickel  Plate  mine,  a  mile  and  a  half  farther 
northeast,  it  is  only  about  four  feet  at  one  point,  but  will  average 
about  20  feet.  Its  most  prominent  member  is  a  massive  sand- 
stone from  five  to  15  feet  thick.     This  sometimes  lies  directly  on 
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coal  IV ;  more  often  there  is  a  stratum  of  dark  blue  workable 
shale  between  it  and  the  coal. 

Between  coals  IV  and  III  the  space  is  generally  fairly  constant, 
though  varying  over  the  field  from  20  to  35  feet,  with  an  average 
of  about  30  feet.  Its  most  characteristic  member  is. the  mixture 
of  sandstone  and  shale  known  as  "sand-slate"  or  "fake."  This 
usually  overlies  shales,  often  reddish  or  brownish  in  color.  Pure 
sandstone  is  seldom  found  in  this  space,  though  noted  occasionally. 

A  section  of  the  "old  Carbon  shaft"  may  be  taken  as  showing 
the  average  sequence  and  thickness  of  the  strata  in  the  region 
about  Carbon : 

Section  at  Old  Carbon  Shaft, 

Feet.       IneheM.  Feet,        Inchet, 

1.  Clay  and  drift 12  0  12  0 

2.  cnay  shale 3  0  15  0 

3.  Saudstoue    5  0  '20  0 

4.  Gray  clay  shale 7  0  ^27 —      0 

5.  Coal  V   4  (i  31  G 

(J.  Under-clay    3  0  34  0 

7.  Clay   shale    2  0  3(J  <5 

8.  Gray  shale... 3  0  39  (5 

9.  Sandstone 10  0  50  0 

10.  Dark  gray  clay  shale 7  0  57  0 

11.  Coal  IV   3  0  GO  0 

12.  Under-clay    2  G  G2  G 

13.  Sandstone    2  0  G4  G 

14.  Sandstone  and  shale 10  G  75  0 

15.  Bluish  shale .11  0  8G  0 

16.  Coal  III   4  0  IK)  0 

17.  Under-clay. 

Coal  V  occurs  verv  near  the  surface  in  the  vicinitv  of  Carbon, 
and  is  probably  limited  to  a  verv  small  area  or  to  a  few  isolated 
pockets.  Coal  IV  occurs  from  50  to  60  feet  below  the  level  of 
the  Big  Four  Railway  at  Carbon,  and  is  largely  worked  out,  but 
its  underlying  clay  has  never  been  used. 

One-fourth  mile  northeast  of  Carbon,  on  the  land  of  James  A. 
Kerr,  northwest  quarter  of  section  5  (13  X.,  6  W.),  some  good 
deposits  of  clay  are  exposed  alongside  a  switch  of  the  Big  Four 
Railway.  A  section  through  these  clays  at  the  point  mentioned 
shows : 
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Section  on  Kerr  Land,  Near  Carbon.  • 

Feet.       Inches. 

1 .  Yellow  surface .  clay 6  9 

2.  Shale,  blue  gray,  clayey 8  0 

3.  Coal  IV  4  1 

4.  Light  gray  under-clay G  4 

These  correspond  to  Nos.  1,  10,  11  and  12  of  the  general 
section,  Nos.  2  to  0,  embracing  coal  V  and  its  accompanying 
strata,  liaving  been  carried  away  by  pre-glacial  erosion.  The  yel- 
low surface  clay  is  grayish  yellow  in  color,  free  from  lime  peb- 
bles, and  can  be  used  for  ordinary  brick  or  for  mixing  with  the 
shale,  No.  2,  for  vitrified  wares. 

The  shale  overlying  the  coal  ^veathers  freely  to  a  soft  plastic 
clay,  which  has  every  appearance  of  being  suitable  for-  paving 
brick,  sew^er  pipe,  hollow  brick  and  kindred  products.  Coal  IV 
has  been  mined  to  some  extent  by  slope  shaft,  and  the  underlying 
clay  is;  therefore  well  exposed.  It  is  a  fine  quality  of  light  gray 
under-clay,  suitable  for  stoneware,  hollow  brick,  terra  cotta,  con- 
duits and  numberless  other  wares,  such  as  are  made  in  quantity 
at  Brazil  from  the  same  stratum.  In  thickness  the  layer  equals 
that  found  at  Brazil,  while  in  quality  it  is  as  good,  if  not  better. 
Some  trouble  might  be  experienced  in  securing  a  lasting  supply 
of  water  on  this  tract,  Jbut  aside  from  that,  it  is  a  most  promising 
site  for  a  prospective  clay  manufactory. 

On  the  land  of  John  A.  Wells,  southw^est  of  Carbon  one-half 
mile,  southwest  of  southeast  of  section  6  (13  N.,  G  W.),  coal  IV 
has  been  stripped  over  an  area  of  an  acre  or  two.  A  section  at  the 
pit,  or  place  of  stripping,  showed : 

Section  07i  Land  of  John  A,  Wells. 

Feet.  Inehen. 

1.  Soil    - 1  6 

2.  Yellow  clay    5  0 

3.  Blue  clay  and  sand,  "joint  clay" 4  0 

4.  Blue  gray  shale 4  4 

5.  Coal  IV   . . . .' 4  1 

i\.    Under-olay    0  2 

The  yellow  clay,  No.  2,  is  as  fine  a  quality  of  drift  clay  as 
occurs  in  central  Indiana.  It  is  very  fine  grained,  free  from  im- 
purities, and  will  make  either  a  good  dry  jiressod  or  a  stiff  mud 
facing  brick.  It  will  also  1)0  found  suitable  for  encaustic  tile  and 
terra  cotta. 
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The  blue  shale,  No.  4,  is  a  dark  blue,  very  plastic  material, 
which  will  be  found  suitable  for  many  kinds  of  vitrified  products. 
Its  quality  for  some  wares  may  be  improved  by  mixing  with  the 
No.  2  clay  in  the  proportions  of  two  to  one  or  three  to  one,  as 
burned  by  itself  it  Avill  probably  shrink  to  some  extent  on  account 
of  its  "fatness.'^ 

The  undcr-clay,  No.  (»,  is  somewhat  darker  than  that  at  Kerr's 
bank,  but  will  serve  for  making  all  kinds  of  wares  made  from  the 
same  stratum  of  clay  at  Jirazil.  Samples  of  the  three  clays  were 
made  into  brick  by  the  Anderson  Foundry  &  Machine  Works, 
which  company,  in  reporting  on  the  results,  said:  "We  have  in 
our  experience  struck  a  great  many  different  clays  from  yards, 
but  never  have  we  found  three  different  samples  from  the  same 
place  that  make  as  irice  brick  as  the  clay  you  sent  us.  The  brick 
burn  hard  and  have  a  ring  w^hich  shows  them  to  be  of  first-class 
quality." 

This  deposit  is  about  one-third  of  a  mile  distant  from  both  the 
(\*ntral  Indiana  and  the  Big  Four  Railways,  and  can  be  easily 
reached  by  a  spur  from  either.  The  same  clays  occur  over  the 
greater  part  of  the  125  acres  owned  by  Mr.  Wells,  but  the  cover, 
on  an  average,  will  run  four  to  six  feet  thicker. 

On  the  south  side  of  the  Big  Four  Kailway,  two  miles  west  of 
Carbon,  in  the  southwest  quarter  section  1  (13  N.,  7  W.),  is  the 
mine  and  clay  factory  of  Benjamin  Simpson.  A  section  of  the 
shaft,  as  given  by  Mr.  Simpson,  is  as  follows : 

t 

SectiorClof  Sfiaft  at  the  Mine  of  the  Simpson  Fire  Brick  Company. 

Ftet.       Incket, 

1.  Soil  and  surface  clay 2  0 

2.  Yellow  surface  clay 4  0 

3.  (ii'ay  to  yellow,  slialy  stindstoue 17  0 

4.  Coal  ly   3  10 

5.  Under-clay    6  8 

G.  Blue  to  gray  shale 28  0 

7.  Coal  III 3  2 

8.  Under-clay  merging  into  sandstone 7  0 

The  No.  2  yellow  surface  clay  is  of  good  quality,  and  w\as 
shipped  to  the  terra  cotta  and  encaustic  tile  works  at  Indianapolis 
for  a  number  of  years,  it  being  used  at  the  tile  works  as  the  body 
clay  for  red  tile.    The  under-clay,  No.  8,  is  a  white,  very  siliceous 
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material,  three  or  four  feet  of  which  is  mined  and  burned  into  fire 
brick,  which  have  given  good  satisfaction  wherever  used.  Some 
of  the  under-clay  is  occasionally  ship[)ed  w^ith  the  brick,  and 
brings  $1.75  per  ton,  f.  o.  b.  the  cars  at  tlie  mine. 

The  under-clay,  Xo.  5,  is  softer  and  more  plastic  than  Xo.  8, 
being  of  the  same  general  nature  as  that  from  the  same  stratum 
at  Carbon  and  elsewhere  in  the  area.  Neither  it  nor  the  blue 
shale,  No.  6,  have  been  put  to  use.  While  the  raw^  materials  and 
fuel  are  here  present  in  sufficient  quantity  and  quality  to  justify 
a  large  output  of  clay  products,  tli,e  business  seems  not  to  be  car- 
ried on  in  the  most  successful  manner,  the  plant  being  idle  for 
several  months  each  year. 

On  the  north  fork  of  Otter  Creek,  in  the  northern  tier  of  sec- 
tions of  township  13  N.,  R.  7  W.,  are  numerous  outcrops  of  a 
blue  clayey  shale,  in  every  way  suitable  for  vitrified  products. 
At  the  shaft  No.  8  of  the  Brazil  Block  Coal  Company  (northeast 
quarter  of  section  3)  it  is  exposed  to  a  depth  of  ten  feet  by  the 
side  of  the  railway  switch  running  past  the  mine.  Both  seams 
of  block  coal  are  mined  at  this  place.  The  upper  one,  No.  IV, 
is  overlain  wdtli  14  feet  of  blue  clavev  shale  and  underlain  with 
three  and  a  half  feet  of  under-clay,  both  suitable  for  manufac- 
turing purjx>ses.  The  under-clay  of  the  lower  vein  of  coal  con- 
tains too  much  sulphur  to  be  of  any  value.  Having  the  three 
essentials,  raw  material,  fuel  and  transportation,  present,  this 
is  a  most  inviting  site  for  a  paving  brick  or  sewer  pipe  plant. 

Near  the  (ilen  No.  1  mine  of  the  Coal  Bluff  Mining  Company, 
on  a  spur  of  the  C.  &  E.  I.  llailway,  southeast  quarter  of  section  4 
(13  N.,  7  W.),  are  several  strata  of  under-clays,  wdiich,  taken 
together,  form  a  variety  and  quantity  of  different  burning  mate- 
rials such  as  are  seldom  found  on  one  piece  of  projxTty.  The 
point  mentioned  is  a  mile  and  a  half  ea.st  of  (^oal  Bluff  and  the 
same  distance  w^est  of  Perth,  a  station  on  the  Big  Four  KaiKvay. 
A  connected  section  of  a  hill  and  bore  at  the  l)ase  of  the  hill,  as 
furnished  me  by  II.  W.  Jenkins,  superintendent  of  the  mine, 
shows  the  presence  of  the  following : 
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Hion  Near  Glen  Mine,  EaU  of  Coal  Blixff. 

Fit.  Jnrhci. 

Soil  and  surface  elny...  10  0 

rotters'  clay   4  0 

Coid  Vb 1  a 

Under-clny    8  0 

' Surface  soil  and  clay...  6  0 

Gravel  and  linrd  pan...  20  0 

Under-clay    6  -0 

Gray   sandy   sliale 10  0 

Gray  Haiidslono 20  0 

Coal  Va 1  2 

Uuder-clay    '. .     8  2 

Drnb  clayey  shale 14  0 

Coal  V  2  0 

UndtT-clny    11  7 

Conl  IV   4  0 

Under-clny    3+  0 


uDtftii-um 


F[g.  7.    Section  nsftr  (iien  Mine,  eaat  <rf  Coal  Blnfl. 


Xos.  1  and  4  of  the  section  occur  in  the  hill  and  5  to  16  in 
the  drill  hole  at  its  base.  Samplea  of  Koa.  2,  14  and  16  of  the 
section  wore  sent  in  bv  Mr.  Jenkins.  Potters'  clay  No.  2  is  a 
very  light  gray,  gritlcss,  plastic  material,  which  seoms  in  every 
way  suited  for  stoneware,  flower  pots,  etc.  It  outcrops  in  several 
places  around  the  hill,  containing  2'»  or  30  acres,  and  the  cover 
above  it  varies  from  four  to  ten  feet  in  thickness.  Under-elay  No, 
14  is  the  same  vein  worked  in  part  at  the  Aycr-McCarel  clay 
works,  and  wholly  bv  the  JL-'Roy  clav  works  of  Brazil.     It  is  a 
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light  gray,  plastic  clay,  which  can  be  burned  into  all  kinds  of 
hollow  vitrified  products.  This  clay  alone  fills  all  the  interval 
over  80  or  90  acres,  between  the  rider  vein  of  coal  No.  V  and 
the  upper  block  vein  No.  IV.  Since  it  forms  the  roof  of  the 
latter,  coal  IV  can  not  be  mined  unless  the  clay  can  be  utilized,  as 
the  latter  falls  too  readily. 

The  under-clay  No.  16  is  the  characteristic  dark  gray  unctuous 
material  found  below  coal  IV  all  over  Clay  County.  It  has  been 
burned  for  years  at  several  of  the  clay  factories  in  Brazil,  and 
its  fitness  for  hollow  vitrified  products  abundantly  proven.  With 
a  four-foot  vein  of  block  coal  between  these  two  beds  of  undei^ 
clay,  and  with  a  railway  switch  already  in  place,  no  better  site 
for  a  large  clay  industry  occurs  in  Clay  County. 

At  the  Gart  No.  6  shaft,  in  section  17  (13  N.,  6  W.),  north- 
east of  Cardonia,  coal  III,  three  feet  four  inches  thick,  is  mined. 
Above  the  coal  is  seven  feet  eight  inches  of  blue  shale  of  good 
quality,  while  below  the  coal  the  rock  varies,  in  places  being  fire- 
clay, in  others  sandstone,  showing  the  rootlets- of  the  coal  plants, 
and  probably  suitable  for  the  uses  to  which  gannister  is  usually 
put. 

South  of  Otter  Creek,  in  the  immediate  vicinity  of  Brazil,  are 
some  of  the  best-known  shale  and  under-clay  deposits  in  the  State. 
As  already  mentioned,  they  are  being  utilized  by  eleven  large 
factories,  six  of  which  have  been  built  since  1896.  The  oldest 
of  these  is  that  of  the  Weaver  Clay  &  Coal  Co.,  established  in 
1872.  The  plant  of  this  company  is  located  on  a  switch  of  the 
Vandalia  Railway,  near  the  northeastern  limits  of  the  city  of 
Brazil,  in  the  northwest  corner  of  section  32  (13  N.,  6  W.).  At 
this  point  the  company  owns  six  acres  of  land,  the  clay  and  coal 
used  being  secured  from  a  leased  80-acre  tract  in  the  southeast 
(juarter  of  section  30,  one-half  mile  to  the  north.  A  royalty  of 
10  cents  per  ton  is  paid  for  the  coal  and  3  cents  per  ton  for  the 
under-clay.  A  tramway  has  been  built  between  the  plant  and 
the  clay  deposit,  both  clay  and  fuel  being  hauled  by  mule  power. 
At  the  mine  coal  IV,  three  feet  six  inches  thick,  is  mined  from  a 
slope  shaft.  Twelve  men  are  worked  at  the  mine  in  securing  fuel 
and  clay,  the  contractor  receiving  55  cents  per  ton  for  the  clay 
and  $1.12  for  the  coal  delivered  at  the  plant.  The  under-clay  is 
seven  feet  thick,  but  only  the  upper  four  feet  are  used,  the  lower 


CfLAYS    OF   CLAY    COUNTY.  186 

j)ortion  containing  too  high  a  percentage  of  small  kidney  iron  ore 
nodules. 

According  to  D.  W.  Weaver,  who  has  been  in  the  clay  working 
business  for  32  years,  it  takes,  on  an  average,  two  and  a  half 
feet  of  block  coal  to  furnish  fuel  sufficient  to  bum  four  feet  of 
under-clay  into  hollow  brick. 

"  In  1903  a  well  486  feet  in  depth  was  sunk  on  the  south  side 
of  the  Weaver  company's  boiler  room.  At  this  depth,  in  a  lime- 
stone, a  saline-sulphuretted  water  was  found,  an  analysis  of  which, 
made  by  Dr.  Blanchard,  chemist  of  De  Pauw  University,  showed 
the  presence  of  the  following  constituents : 

Analysis  of  Water  from  the  Deep  Well  at  the  Plant  of  Weaver  Clay  and  Coal 
Company,  Brazil,  Ind. — Basses  and  Acid  Radicals. 

Gtb,  per  U,  S.  Gallon. 

Calcium  (Ca)    539.11 

Sodium  (Na)  769.26 

Potassium  (K)  19.37 

Magnesium  (Mg) 610.76 

Aluminum  (AI.)   43.50 

Chlorine  (Cl.)   , ^ 775.26 

Sulphate  (SOJ   597.30 

Carbonate  (CO^    679.21 

Silica   (SiOj)    7.50    ^ 

Iron  (Fe)   1.50 

Total    4,042.77 

These  bases  and  acid  radicals  may  be  considered  as  combined, 
as  follows: 

Gr9,per  D.  S.  Gallon, 

Calcium  sulphate  (CaSOJ 191.70 

Sodium  sulphate  (Na^SOJ 53.28 

Potassium  sulphate  (K3SO4) 23.48 

Magnesium  sulphate  (MgSOJ 619.83 

Aluminum    sulphate   (ALCSOO, 77.28 

Calcium  carbonate  (CaCOa) 709.43 

Sodium  carbonate  (Na^CO,) 19.08 

Potassium  carbonate  (KnCOa) 10.71 

Magnesium  carbonate  (Mg(JO.~.) 671.48 

Calcium  chloride  (CaCL) 124.78 

Sodium  chloride  (NaCl) 1,337.18 

Magnesium    chloride   (MgCL) 195.54 

Sulphuric  acid  (H.SO^) 7.50 

Ferrous  oxide  (FeO) 1.50 

Total    4,Oi2.77 


t*P0Su«Es     OF    5tif\L€.     oa   ui>, 


ocft-CLny  .••...-.„, 


BSB   OfJ. 


Fig.  8.    Map  of  Brazil  and  vicinity,  showing  the  location  of  clay  factories 
'  ^  and  clay  and  shale  dei>osits^ 
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Gases. 

C«.  /n. 

Hydrogen  sulphide  (H,S) 4.im 

Carbon  dioxide  (COJ 5.103 

Judging  hy  the  taste  and  odor,  there  is  much  more  salt  (sodium 
chloride)  and  hydrogen  sulphide  gas  present  than  in  the  water 
from  a  well  of  approximately  the  same  depth  at  the  plant  of 
Ayer  &  MeCarel,  one  and  a  half  miles  north  of  Brazil.  Used 
in  plentiful  quantity,  the  water  Avill  be  found  beneficial  for  many 
kinds  of  stomach  trouble,  rheumatism,  etc.  At  the  Weaver  plant 
it  is  used  for  pugging  the  clays,  and  it  is  claimed  that  the  wares 
so  pugged  are  mucli  less  liable  to  crack  in  drying  than  when 
pugged  with  ordinary  surface  water.  It  contains  too  much  salt 
and  sulphur  for  use  in  boilers. 

On  a  switch  of  the  Central  Indiana  Railway,  one  and  three- 
fourths  miles  northeast  of  Brazil,  in  the  northwest  quarter  of 
section  JK)  (18  X.,  6  W.),  is  the  plant  of  the  Excelsior  Clay 
Works,  erected  during  the  sunmier  of  1895.  The  company  owns 
565  acres  of  land,  and  mine  their  coal  from  a  slope  shaft  and  clay 
from  a  pit  in  a  ravine  100  yards  southwest  of  the  plant.  A  sec- 
tion of  the  clay  pit  in  August,  1904,  showed: 

Section  of  Clay  Pit  at  Excehior  Clay  Works,  Brazil ,  Ind, 

Feet,  Inches, 

1.  Surfat»e  soil  and  yellow  clay 4  0 

2.  Hard  pan    5  6 

8.    Blue   clayey  shale 21  0 

4.  Blaek  sheety   shale 8  0 

5.  Gray  to  buff  sandstone 3  0 

(5.  Coal  IV   3  8 

7.  Under-clay    0  0 

The  yellow  clay,  shale  and  under-clay  are  all  used  at  the  fac- 
tory, l>eing  hauled  up  a  rather  steep  incline  by  steam  power. 
From  25  to  30  tons  of  the  coal  are  mined  daily,  all  of  which  is 
used  at  the  plant.  The  hard  pan,  Xo.  2,  has  to  be  hauled  away 
in  carts  and  dumped.  The  shale  is  a  dark  blue,  fine-grained 
material,  wholly  free  from  gi'it,  which,  when  ground  and  moist- 
ened, becomes  very  plastic.  It  burns  into  a  high-grade  dark  brown 
hollow  block  or  paving  brick.  The  under-clay  burns  to  a  buff  or 
creamy  white  color,  or,  when  glazed  with  salt,  to  a  lemon  yellow. 
It  is  used  mainly  for  light-colored  hollow  block,  but  fire  brick 
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made  from  it  are  used  for  the  crowns,  linings  and  floors  of  the 
down-draft  kilns  used  by  the  company  in  burning  all  wares,  the 
arches  alone  of  the  kilns  being  built  of  St.  Louis  fire  brick.  A 
mixture  of  the  shale  and  under-clay  burns  to  a  stone  gray  hue. 

Southwest  of  the  Excelsior  Clay  Works,  one-third  of  a  mile,  in 
the  northeast  quarter  of  section  25  (13  N.,  7  W.),  is  the  clay- 
Working  factory  of  the  Ayer-McCarel  Company.  It  was  erected 
in  1902  and  equipped  with  all  the  modern  machinery  and  devices 
of  an  up-to-date  plant.*  The  company  owns  63  acres  of  land 
surrounding  the  plant,  tp  which  a  switch  of  the  Vandalia  Railway 
has  been  built.  Only  under-clays  are  used  at  their  plant,  about 
135  tons  being  mined  each  day  from  a  pit  and  slope  shaft,  whose 
openings  are  in  a  small  valley  about  100  yards  north  of  the  plant. 
A  section  of  the  pit  and  underlying  strata,  as  given  by  Mr. 

McCarel,  is  as  follows : 

Section  in  Clay  Pit  and  Mine  of  the  Ayer-McCarel  Clay  Company. 

Fe*t.       IncKet, 

1.  Soil  and  surface  clay 2  0 

2.  Shale,  drab  to  blue  clayey 25  0 

3.  Coal  V  0  8 

4.  Under-clay    18  0 

5.  Black  sheety  shale 5  6 

6.  Under-clay    10  6 

Coal  IV,  usually  found  above  the  lower  under-clay,  is  lacking. 
The  black  sheety  shale,  ISTo.  5,  is  in  part  or  wholly  replaced  by 
sandstone  in  mines  to  the  east.  Of  the  strata  given,  only  Nos.  4 
and  6  are  at  present  used,  though  the  shale  is  of  excellent  quality, 
and  will,  in  time,  be  utilized.  Sixteen  men  are  employed  in  the 
mine  at  scale  wages  for  coal  mining,  and  make  an  average  of  about 
$2.42  per  day. 

The  upper  clay,  No.  4,  is  lighter  in  color,  harder,  coarser,  con- 
tains more  silica,  and  is  more  refractory  than  the  lower,  the  latter 
being  the  typical  dark  gray,  fine-grained,  plastic  under-clay  found 
beneath  coal  IV.  About  one-third  of  No.  4  is  mixed  with  two- 
thirds  of  No.  6  in  making  the  wares  at  the  factory.  Block  coal 
mined  on  a  separate  tract  belonging  to  the  company  is  used  as 
fuel.     The  water  used  for  all  purposes  at  the  plant  comes  from 

*For  a  farther  desortption  of  the  olay  industries  about  Brazil  see  the  later  section— 
"The  Clay  Industries  of  Indiana." 


Office  ot  Ayer-Mc<'8rel  Company,  made  of  liollnw  building  block. 


Mouth  ot  clar  mine  of  Arer-McCarel  Company. 


Inside  the  clay  mine  ot  Ayer-McCa 


0LAY8  OF  CLAY  COUNTY.  189 

a  well  613  feet  in  depth.  It  has  a  temperature  of  57°  F.,  and 
a  distinct  taste  and  odor  of  hydrogen  sulphide,  but  the  amount 
of  mineral  matter  present  is  so  small  that  no  compounds  are  nec- 
essary to  remove  scale  from  the  boiler  tubes.  It  is  an  excellent 
drinking  water,  and  is  used  at  many  of  the  residences  and  at  the 
larger  hotels  rn  the  city. 

Less  than  a  quarter  of  a  mile  northwest  of  the  Ayer-McOarel 
plant  is  the  plant  and  clay  pit  of  the  Sheridan  Brick  Works,* 
established  in  1898,  for  making  ordinary  soft  mud  building  brick 
from  shale  and  surface  clay.  The  plant  is  located  on  a  switch  of 
the  C  &  E.  I.  Railway,  over  which  a  nominal  switching  charge 
of  $1.50  per  car  is  made  to  other  roads,  the  same  as  at  all  clay 
plants  about  Brazil.  A  well  603  feet  in  depth  furnishes  the  same 
kind  of  water  as  is  used  at  the  Ayer-McCarel  plant.  Coal  from 
the  Brazil  district,  both  block  and  bituminous,  to  the  amount 
of  80  tons  per  day,  are  used  at  the  plant.  Sand  for  the  moulds 
is  obtained  from  Centreton,  Morgan  County. 

At  the  clay  pit,  150  yards  east  of  the  factory,  the  following 
section  is  exposed : 

Section  at  Clay  Pit  of  Sheridan  Brick  Works.     {See  PL  XL) 

Feet.        InchtB. 

1.  Yellow  clay  10  0 

2.  Drab  to  blue  clayey  shale 22  0 

3.  Coal  V  0  3 

4.  Under-clay G  0 

5.  Shale,  blue 11  0 

In  some  parts  of  the  pit  a  gray  limestone  three  to  four  feet 
in  thickness  occurs  between  the  yellow  clay  and  shale.  This  has 
to  be  removed,  but  otherwise  everything  except  the  coal  is  used, 
being  scooped  up  by  a  steam  shovel  and  loaded  directly  into  cars 
holding  three  cubic  yards  each.  Eighty  of  these  carloads  are 
used  in  making  the  daily  output  of  75,000  brick.  Of  the  22  acres 
owned  by  the  company  but  about  three  and  a  half  have  been 
worked  over  in  six  years. 

Two  miles  north  of  Brazil  and  one  quarter  of  a  mile  northwest 
of  the  Sheridan  Brick  Works,  on  the  south  side  of  Otter  Creek, 
near  the  bridge  of  the  C.  &  E.  I.  Railway,  is  the  upper  pit  of  the 

*For  desoription  of  plant,  lee  section  IV. 
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Indiana  Paving  Brick  Company.  Since  1801  this  company  has 
used  a  stratum  of  blue  shale  20  to  30  feet  thick,  which,  at  this 
point,  lies  directly  over  coal  V,  10  to  20  inches  thick. 

The  shale  is  gotten  by  blasting  near  the  base  of  the  worked 
ledge,  when  large  quantities  of  it^  sometimes  20  tons,  come  tum- 
bling down.  It  is  overlain  with  three  feet  of  shelly  sandstone, 
which  must  be  separated  and  thrown  aside.  All  the  rest,  includ- 
ing four  feet  of  yellow  surface  clay,  is  loaded  onto  cars  on  a 
nearby  railway  switch  and  hauled  to  the  factory  in  the  western 
suburbs  of  Brazil.  In  the  exposed  ledge  the  shale  is  seen  to  be 
in  lamina^  or  layers  from  one-half  to  two  inches  thick.  Some 
narrow  jx^rpendicular  clefts  or  faults  were  noticed  down  which 
water,  impregTiated  with  oxide  of  iron,  had  passed,  the  water  in 
time  evaporating  and  leaving  the  mineral  in  thin  sheets  in  the 
crevices. 

One-half  mile  south  of  this  pit,  on  the  west  side  of  the  C.  &  E. 
I.  Railway,  near  the  center  of  section  25  (13  N.,  7  W.),  is  the 
extensive  plant  of  the  McRoy  Clay  Works,  located  on  the  former 
site  of  the  plant  of  the  old  Brazil  Brick  &  Pipe  Co.  ^  It  is  the  most 
extensive  clay  manufactory  in  the  Brazil  district,  and  makes  a 
specialty  of  electric  conduits  and  hollow  building  block.  The  plant 
has  been  almost  entirely  rebuilt  since  1900,  when  the  old  plant 
and  160  acres  of  land  were  purchased  from  the  B.  B.  &  P.  Co. 
The  raw  material  used  at  this  plant  is  the  under-clay  below  coal 
V  or  the  rider  vein.  In  August,  1904,  this  was  being  mined  from 
beneath  a  leased  30-acre  tract  east  of  the  railway,  a  royalty  of  2^ 
cents  per  ton  being  paid  for  the  clay.  Xo  coal  of  consequence  is 
taken  from  the  mine,  but  the  clay  runs  up  to  11  feet  in  thickness 
in  some  of  the  rooms,  and  165  to  180  tons  are  used  each  da  v.  Block 
coal  is  used  as  a  fuel,  and  the  water  used  at  the  plant  is  pumped 
from  the  city  reservoir  to  a  cistern  at  the  works. 

One  mile  northwest  of  Brazil,.,in  the  southwest  quarter  of  sec- 
tion 25  (13  X.,  7  W.),  is  the  Bra^jl  factory  of  the  American  Sewer 
Pipe  Company,  formerly  l)elonging  to  the  Monarch  Sewer  Pipe 
Company.  This  company  manufactures  sewer  pipe,  flue  linings, 
wall  coping,  etc.,  from  the  under-clay  of  coal  TV  and  from  an 
overlying  shale.  The  shaft  of  their  coal  and  clay  mine  is  but  a  few 
yards  from  their  main  building.  A  section  to  the  bottom  of  the 
vein  of  clay  used  discloses  the  presence  of  the  following  strata : 
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Section  cU  Shaft  of  American  Sewer  Pipe  Company. 

Fett.       Jnchat.       Ftet.       Inches. 

1.  Soil  and  yellow  Clay 12  0  12  0 

2.  Boulder  clay,  blue 7  0  19  0 

3.  Gray  clayey  shale 33  0  52  *  O 

4.  Coal  V   2  3  54  3 

5.  Uuder-clay  (iwtters*-  clay)   3  2  57  5 

6.  Blue  clayey   shale 19  0  76  5 

7.  Shale,  dark  bituminous,   fossUIfer- 

0U8   1  0  77  11 

8.  Coal  IV   3  0  81  5 

9.  Under-day    5  4  8(5  9 

The  block  coal,  No.  8,  is  first  mined  and  then  the  under-clay  is 
taken  up.  The  latter  is  light  gray  in* color,  free  from  sulphur  or 
other  impurities,  hard  when  first  mined,  but  weathers  after  a  few 
weeks  of  exposure  into  a  fine-grained  plastic  mass.  Scattered 
through  it  are  fragmentary  fossil  remains  of  the  leaves  and  root- 
lets of  the  coal  forming  plants  of  the  old  Carboniferous  marshes. 
It  makes  a  strong  and  durable  sewer  pipe,  which,  with  a  salt  glaze, 
becomes  a  light  reddish  brown  on  the  outer  surface.  Shale  No.  6 
is  the  high-grade  laminated  clay  found  in  many  places  between 
coals  V  and  IV.  A  mixture  of  two-thirds  of  it  with  one-third  of 
the  under-clav  bums  to  a  liandsome  dark  brown  color,  and  makes 
a  sewer  pipe  of  great  strength.  Some  of  the  wares,  such  as  flue 
lingings  and  chimney  tops,  are  made  of  tlie  under-clay  alone,  but 
most  of  the  sewer  pii)e  is  made  from  a  mixture  of  the  shale  and 
under-clay  in  the  proportions  mentioned.  Shale  No.  3  is  also  a 
good  product  for  many  wares,  es])e<!ially  if  mixed  with  either  of 
the  above. 

The  men  in  charge  of  tins  factory  are  |)ractical  clay  workers  of 
long  experience  in  other  states.  They  state  that  the  block  coal 
found  in  the  vicinity  of  Brazil  cannot  be  excelled  for  burning  clay 
products.  It  contains  less  vsulphur  than  any  other  fuel,  and,  as  a 
consequence,  a  better  glaze  is  secured  on  the  surface  of  all  wares. 

All  clay  and  shale  used  are  raised  through  the  shaft  by  the 
same  power  that  runs  the  machinery  of  the  plant,  and  then  dumped 
from  a  tramway  leading  f ronj  the  tipple  to  near  the  dry  pans.  A 
well  550  feet  in  depth  was  being  completed  in  August,  1904,  to 
furnish  water.  The  company  owns  134  acres  surrounding  the 
plant^  the  latter  being  the  only  Indiana  representative  of  36  simi- 
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lar  factories  located  in  Ohio,  Michigan,  Pennsylvania  and  West 
Virginia. 

In  the  western  suburbs  of  Brazil,  just  north  of  the  Vandalia 
Railway,  is  located  the  oldest  and  best-known  paving  brick  plant 
ih  Indiana,  that  of  the  Indiana  Paving  Brick  Company.  This  com- 
pany began  making  vitrified  brick  of  the  Coal  Measure  shales  in 
1891,  and  at  the  present  time  have  an  output  of  ten  millions  of 
such  brick  a  year.  Their  raw  material  was,  for  a  long  time,  mainly 
secured  from  their  "upper  clay  pit,"  already  mentioned  as  located 
near  the  Otter  Creek  bridge  of  the  C.  &  E.  I.  Railway.  At  pres- 
ent they  are  using  but  three  carloads,  or  42  cubic  yards  daily 
from  that  pit  and  are  securing  the  remainder,  about  100  cubic 
yai-ds,  from  a  pit  recently  opened  just  to  the  northwest  of  their 
plant.     A  section  at  this  pit,  in  July,  1904,  showed: 

Section  at  **IjOW€r  Clay  Pit' ^  of  Indiana  Paving  Brick  and  Block  -(Company. 

Feet.       Inchet. 

1.  Soil  ai;id  yeUow  clay 9  0 

2.  Decomposed  shale  and  yellow  drift  day  mixed.  ..5  0 

3.  Blue  clayey  shale 26  0 

4.  Coal  V  2  8 

5.  Under-clay    5  0 

Of  these  strata,  Nos.  1  to  3,  from  "the  grass  roots''  down,  are 
used  for  the  vitrified  brick.  The  shale,  No.  3,  is  a  dark  blue, 
exceedingly  fine  grained  material,  free  from  any  impurity  ex- 
cept a  layer  of  iron  carbonate  concretions,  three  inches  thick, 
about  three  feet  below  the  top  of  the  shale  stratum.  The  shale 
weighs  about  2,650  pounds  to  the  cubic  yard.  Eight  men  are 
worked  in  t-he  clay  pit,  the  company  paying  eight  cents  per  car- 
load for  mining  the  shale.  Each  car  holds  three-quarters  of  a 
cubic  yard,  and  130  carloads  are  used  daily.  The  company  owns 
15  acres  of  land  just  west  of  the  factory,  all  of  which  is  under 
lain  with  shale,  and  have  under  lease  four  acres  additional  on 
which  the  present  pit  is  located. 

A  new  well,  657^  feet  in  depth,  has  just  been  completed  to 
furnish  water.  A  record  of  the  bore  as  furnished  by  the  com- 
pany is  as  follows: 
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Record  of  Deep  Well  on  Yard  of  Indiana^  Paving  Brick  and  Block  Company. 

Feet.       Inehe$. 

1.  Yellow  Clay   33  0 

2.  Shale    27  0 

3.  Coal 1  0 

4.  Under-day 3  0 

5.  Shale    34  0 

6.  Under-clay    5  0 

7.  Shale    53  0 

8.  Black  shale   42  0 

9.  Sandstone  101  0 

10.  White  lime  rock ., 71  0 

11.  Bedford  rock  (limestone) 133  0 

12.  Blue  rock  54  6 

A  partial  analysis  of  the  water,  made  in  the  laboratory  of  the 
Pennsylvania  Railway  Co.,  at  Altoona,  Pa.,  showed  it  to  con- 
tain : 


• 


Partial  Analysis  of  Water  from  Deep  Well  of  Indiana  Paving  Brick  and 

Block  Company. 

Qraina  Per  Omllon. 

Total  solid  residue 9,030 

Probable  scale  making  material 1,776 

Chlorine   40.50 

The  solid  matter  consists  of  salt,  carbonates  and  sulphates  of 
lime  and  magnesia  and  free  bicarbonate  of  soda.  It  is  a  satis- 
factory water  for  boilers. 

In  sections  26  to  28  and  33  to  35  (13  K,  7  W.),  northwest  and 
west  of 'Brazil,  but  little  mining  has  been  done,  and  but  few  out- 
crops of  shale  are  visible.  It  is  very  probable. that  over  much  of 
this  area  the  stratum  of  shale  used  by  the  Indiana  Paving  Brick 
and  Block  Company  occurs.  It  will,  however,  have  a  heavy 
cover  and  will  in  most  places  have  to  be  mined  if  it  is  ever  util- 
ized. A  drilling  near  the  waterworks  in  section  35,  is  reported 
to  have  shown  the  following  section: 

Drilling  Near  Water  Works,  West  of  Brazil. 

Feet.       inekes, 

1.  Soil  and  yellow  clay 23  0 

2.  Brown  clay,  probably  decomposed  shale 8  6 

3.  Blue  to  gray  clayey  shale 16  0 

4.  Coal  V  0  8 

5.  Under-clay    2  6 

6.  White  sandstone 8  6 

7.  Coal  IV  3  2 

IS—GeoIofy. 
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8.  Under-day    ^ 5  0 

9.  Blue  shale 4  0 

10.  Under-clay    5  6 

11.  Blue  shale 2  8 

This  section  shows  the  presence  of  a  plentiful  supply  of  clay 
working  materials,  beneath  a  heavy  cover  of  drift. 

Township  12  North,  Ranges  6  and  7  West. 

This  area  of  72  square  miles  embraces  the  civil  townships  of 
Jackson  and  Posey,  the  whole  of  the  former  and  the  eastern  third 
of  the  latter  being  overlain  with  coals  IV  and  III,  with  their 
accompanying  shalee  and  under-clays.  Over  the  western  two- 
thirds  of  Posey,  coals  V  and  VI  occur  often  with  a  layer  of  work- 
able shale  above  VI.  Goal  VI F  also  covers  the  southwestern  por- 
tion of  the  same  township.  That  portion  of  this  area  immediately 
about  Brazil  will  be  first  considered. 

On  the  Erazil  Branch  of  the  E.  &  I.  Railwav,  one  mile  south- 
west  of  Brazil,  in  the  southeast  quarter  of  section  1  (12  N.,  7 
W.),  is  located  the  plant  of  the  Chicago  Sewer  Pipe  Company. 
This  company  began  in  1893  to  make  sewer  pipe  from  the  blue 
clayey  shale  overlying  the  !Jfo.  V  vein  of  coal  and  find  it  in  every 
way  suitable  for  their  purpose.  At  their  pit,  situated  150  feet 
south  of  their  plant,  the  following  section  is  exposed: 

Section  at  Cloy  Pit  of  Chicago  Seiver  Pijw  Company. 

Feet.        Incheti. 

1.  Surface  soil  and  clay  (stripped).. 1  0 

2.  Reddish  yellow  drift  clay 8  i) 

.*{.    De<'omposed  shale  and  reddish  clay  mixed ft  <> 

4.  Drab  to  blue  clayey  shale 10  o 

5.  Coal  V   0  4 

0.    Under-clay    5  G 

In  the  making  of  sewer  pipe  and  wall  coping,  a  mixture  of  two 
parts  of  the  shales,  S  and  4,  with  one  part  of  the  yellow  drift 
clay,  Xo.  2,  is  used.  The  company  owns  16  acres,  and  in  12 
years  have  used  the  clays  down  to  No.  5  of  the  section  only  over 
about  one  and  a  half  acres.  As  their  superintendent  aptly  puts 
it,  **We  make  and  sell  only  a  hole  with  a  shell  around  it,  and 
the  larger  the  hole  the  higher  the  price  we  receive  for  it."    The 


0LAY8   OF   OLAY    COTTPrTY.  196 

amount  of  clay  used  in  the  making  of  hollow  goods  like  sewer 
pipe  is,  proportional  to  the  value  of  the  output,  much  less  than  in 
making  vitrified  brick. 

The  drift  clay.  No.  2  of  the  section,  is  rather  coarse  grained, 
but  is  very  plastic  and  free  from  pebbles  of  lime.  The  shale  is 
of  the  same  nature  as  that  used  at  the  plant  of  the  Indiana  Pav- 
ing Block  Company.  By  itself  it  bums  to  a  dark  cherry  red; 
mixed  with  the  surface  clay  in  the  proportions  mentioned,  to  a 
brighter  red.  Glazed  with  salt,  the  sewer  pipe  becomes  dark 
chestnut  brown  in  color. 

The  members  of  the  Chicago  Sewer  Pipe  Company  investigated 
the  clays  of  Iowa,  Illinois  and  Indiana  before  locating  their  plant 
at  Brazil,  and  finally  chose  the  present  site  as  the  one  where  clays 
of  a  superior  quality  for  making  sewer  pipe  could  be  secured  at 
a  minimum  cost,  and  where  fuel  and  transportation  facilities  were 
of  the  beet. 

Four  hundred  feet  northwest  of  the  plant  of  the  Chicago  Sewer 
Pipe  Company  is  that  of  the  Standard  Pottery  Company,  which  is 
the  largest  stoneware  factory  in  the  State,  their  daily  output 
being  5,000  gallons  for  ten  months  in  the  year.  The  clay  used 
is  the  under-clay  of  coal  IV,  and  is  gotten  from  the  mine  of  the 
Pyrah  Coal  and  Clay  Company,  two  and  a  half  miles  south  of  the 
pottery;  and  from  the  W.  B.  Stone  mine,  one  mile  south  of 
Pyrah's.  Only  the  clay  from  the  upper  22  inches  of  the  stratum 
is  used,  and  costs  $1.00  per  ton  on  board  cars  at  the  mine.  It  is 
the  soft,  dark  gray,  plastic  under-clay  with  traces  of  fossil  plant 
remains,  found  beneath  the  upper  vein  of  block  coal  over  the 
northern  half  of  Clay  County.  When  properly  ground  and 
washed,  it  becomes  a  light  gray  in  color,  and  burns  into  an  excel- 
lent grade  of  stoneware. 

On  the  Hoosierville  Branch  of  the  Vandalia  Railway,  two  and 
a  half  miles  southeast  of  Brazil,  on  the  northwest  quarter  of  sec- 
tion 8  (12  N.,  6  W.),  is  the  new  clay-working  industry  of  the 
Continental  Clay  and  Mining  Company.  It  was  erected  in  1903, 
and  in  April,  1904,  began  the  making  of  hollow  building  block 
and  kindred  products.  The  clay  used  is  an  under-clay  mined 
from  a  shaft,  a  section  of  which  shows : 
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Section  of  Shaft  of  CorUinental  Clay  and  Mining  Company, 

Feet.        Inehet, 

1.  Soil  and  drift  clay 11  0 

2.  Sandstone 15  0 

3.  Sandy  shale  13  0 

4.  Blue  clayey  shale 7  0 

5.  Coal  IV 3  5 

6.  Under-clay    6  3 

7.  Gray  shale   4  10 

8.  Coal 0  11 

9.  Under-clay    5  6 

The.under:clay,  No.  6,  is  alone  used  at  present,  but  in  time  all 
of  the  strata,  from  4  to  9,  inclusive,  will  be  utilized.  The  under- 
clay  from  below  coal  IV^  now  used,  possesses  the  same  qualities 
as  at  the  other  different  plants  about  Brazil,  and  makes  a  hollow 
building  block  which  does  not  crack  in  drying,  and  which  pos- 
sesses great  strength  and  durability  when  properly  burned.  The 
company  owns  in  fee  simple  twelve  and  a  quarter  acres  of  land 
on  which  the  plant  is  located,  and  have  under  lease  the  coal  and 
clay  on  a  280  acre  adjacent  tract,  paying  a  royalty  of  two  and 
a  half  cents  per  toh  for  clay  and  ten  cents  per  ton  for  the  block 
coal.  Water  in  abundance  and  of  excellent  quality  for  both  steam 
and  pugging  purposes  is  secured  from  a  five  and  five-eighth  inch 
well,  485  feet  in  depth. 

Over  the  greater  part  of  Jackson  Township  (12  IsT.,  6  W.),  coal 
IV  occurs,  averaging  about  four  feet  in  thickness.  In  many 
places  it  is  too  close  to  the  surface  to  work.  In  other  places  it 
has  been  worked  out.  It  usually  overlies  a  good  stratum  of 
under-clay,  four  to  five  feet  in  thickness,,  which  could  be  very 
profitably  used  in  connection  with  the  coal.  As  already  shown, 
this  clay  will  make  the  best  of  vitrified  hollow  ware  and  stone- 
ware. 

At  the  Crawford  No.  3  mine,  one  and  a  half  miles  northeast  of 
Asherville,  coal  IV  is  absent,  and  a  reddish  clayey  shale,  16  feet 
in  thickness,  occurs  in  the  shaft  just  below  the  surface  drift 
This  shale  could  be  utilized  for  clay  wares  if  necessity  required. 
The  under-clay  beneath  the  worked  vein,  coal  III,  averages  but 
about  four  inches  in  thickness. 

In  the  vicinity  of  Hoosierville,  in  sections  18  and  19,  coal  IV 
occurs,  20  to  50  feet  below  the  surface,  with  four  to  eight  feet 
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of  under-clay  below  it.  This  clay  from  the  shaft  of  the  Pyrah 
Coal  and  Clay  Co.,  southwest  quarter  of  northwest  quarter  of  sec- 
tion 19,  is,  as  alreaidy  noted,  used  for  stoneware  by  the  Standard 
Pottery  Company. 

The  Brazil  Branch  of  the  E.  &  I.  Railway  runs  through  the 
land  of  the  Pyrah  Company,  and  a  section  of  their  shaft  shows  as 
follows : 

Section  at  Shaft  of  Pyrah  Coal  and  Clay  Company. 

Fett,         Inches.     . 

1.  Soil  and  surface  clay 23  0 

2.  Drab  to  blue  clayey  shale 24  0 

3.  Coal  IV  3  9 

4.  Under-clay    8  0 

The  under-clay,  No.  4,  is  the  soft  dark  gray,  gritless  plastic  un- 
der-clay found  everywhere  beneath  coal  IV  in  this  region.  It  has 
been  used  from  this  mine  for  the  making, of  encaustic  tile,  pot- 
tery, stoneware  and  electrical  supplies,  and  has  everywhere  given 
good  satisfaction.  It  brings  $1.00  f.  o.  b.  the  cars  at  the  mine, 
the  output  in  1904  being  distributed  ^a  follows :  National  Tile 
Co.,  Anderson,  301  tons;  Wallace  Machine  and  Foundry  Co., 
Lafayette,  37^  tons;  XJhl  Pottery  Co.,  Evansville,  40J  tons; 
Standard  Pottery  Co.,  Brazil,  2,230  tons;  total,  2,609  tons. 

At  the  shaft  of  the  Columbia  No.  4  mine,  near  the  center  of 
section  21,  coal  V  occurs  at  85  feet,  coal  IV,  105  feet  deep,  and 
coal  III  20  feet  lower.  The  roof  of  coal  IV  is  a  blue  clayey 
shale;  this  shale  in  the  air  shaft  filling  all  the  20  feet  of  inter- 
vening spaces  between  coals  V  and  IV.  It  would  make  vitrified 
wares  of  good  quality,  and  if  utilized  for  such  purpose,  would 
allow  the  mining  of  coal  V,  two  feet  eight  inches  thick. 

On  the  land  of  Fred.  Stearley,  in  the  northeast  quarter  of  sec- 
tion 27,  there  is  an  outcropping  of  gray,  clayey  shale  along  a 
branch  of  Mclntyre's  Creek.  This  outcrop  shows  a  ten-foot  face 
and  is  200  feet  or  more  in  length.  It  is  but  a  few  hundred  yards 
east  of  the  Centre  Point  Division  of  the  Vandalia  Railway.* 

In  Posey  Township  (12  'N.,  7  W.),  coal  VI  is  the  most  impor- 
tant coal  mined.  It  occurs  only  in  the  western  two-thirds  of  the 
township  and  is,  in  part  of  its  area,  overlain  by  coals  Via  and 

*For  location,  see  map  of  Ticinity  of  Centre  Point,  p.  201. 
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VII.  Between  these  two  coals  there  is  often  a  layer  of  blue, 
clayey  workable  shale,  12  to  20  feet  in  thickness.  On  the  Alfred 
West  farm,  one  mile  west  of  Staunton,  this  shale  was  20  feet 
thick,  and  overlain  with  sandstone.  At  the  San  Pedro  mine  in 
section  9,  one  mile,  northwest  of  Staunton,  it  is  12  feet  thick  and 
occurs  immediately  below  the  drift. 

Just  above  coal  VI  there  often  occurs  a  soft  gray  clay  shale 
resembling  under-clay.  At  the  Fortner  mine,  near  the  center  of 
section  10,  coal  VI  is  overlain  with  nine  feet  of  this  material,  the 
greater  part  of  which  could  be  readily  and  cheaply  removed,  and 
made  into  a  good  grade  of  vitrified  ware. 

South  of  Cloverland,  three-fourths  of  a  mile,  in  the  bed  of  a 
creek  on  the  farm  of  John  Williams,  is  an  exposure  of  blue  clayey 
shale  four  and  a  half  feet  thick.  Beneath  this,  coal  Via,  two 
and  a  half  feet  in  thickness,  has  been  worked  by  stripping.  At 
one  point  where  the  coal  has  been  eroded  some  fine  examples  of 
"cone  in  cone"  were  obtained  from  the  underlying  fire-clay. 
These  appeared  as  small  cone-shaped  masses  of  the  fire-clay  set 
one  within  another.  They  had  the  appearance  of  small  concre- 
tionary or  pressure  structures,  and  were  probably  caused  by  the 
slipping  of  certain  of  the  hardened  fire-clay  layers. 

On  the  land  of  Henry  Stedman,  one  and  one-half  miles  west  of 
Staunton,  coal  VI  is  mined,  the  vein  in  several  places  averaging 
seven  feet  in  thickness.  A  drift  boulder  clay  rests  directly  upon 
the  coal,  with  no  shale  or  slate  intervening.  Much  of  the  coal 
may  have  been  eroded  by  the  glacier  before  this  deposit  of  clay 
was  made.  "Harc[  pan,"  where  the  term  is  correctly  used,  applies 
to  the  second  layer  of  drift  or  boulder  clay,  which  is  often  sepa- 
rated from  the  first  layer  by  a  stratum  of  sand  or  gravel.  It  is 
usually  an  impervious  stratum  of  hard,  dark  gray  to  blue  clay 
mixed  with  small  pebbles,  and  constitutes  the  most  common  water 
bearing  horizon  throughout  the  drift  covered  area  of  Indiana. 
The  pebbles  and  other  impurities  mixed  with  it  render  it  wholly 
unfit  for  any  kind  of  clay  products. 

Near  the  mouth  of  a  ravine  in  the  northwest  quarter  of  section 
17,  coal  Via  is  exposed  above  drainage,  the  followine;  strata  be- 
ing visible : 
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Feet. 

1.  BrowB  to  drab  clayey  shahe 5 

2.  Blue  clayey  shale 10 

3.  Black  sheety  shale 4 

4.  Coal  Via  with  parting 1 

We  have  here  16  feet  of  good  material  for  vitrified  products 
with  coal  VI  of  workable  thickness  and  its  under-clay  below. 

A  bore  on  the  Kellar  farm,  in  the  southwest  quarter  of  section 
15,  near  a  spur  of  the  Vandalia  Eailway,  showed  13  feet  of 
under-clay  and  gray  shale  above,  and  three  feet  of  under-clay 
beneath  coal  VI.  As  a  rule,  this  coal  is  underlain  by  three  to 
four  feet  of  underplay  which  is,  however,  not  of  as  good  quality 
as  that  beneath  coal  IV  to  the  east. 


Township  11  North,  Ranges  6  and  7  and  Part  of  5  West. 

This  area,  embracing  96  square  miles,  comprises  the  civil  town- 
ships of  Washington,  Sugar  Kidge  and  P^rry.  Coal  VI  covers 
the  surface  of  the  western  two-thirds  of  Perry,  while  east  of  this 
coals  I  to  V,  with  accompanying  strata  of  shales  and  under-clay, 
occur.  In  that  portion  of  11  north,  5  west,  embraced  in  Clay 
County,  there  is  little  commercial  clay  of  value.  It  is^  possible 
that  the  under-clay  below  outcrops  of  coals  I  and  II  will,  in  a 
number  of  places,  be  found  suitable  for  potters'  use.  In  section 
18,  just  northeast  of  Bowling  Green,  three  feet  of  this  blue  shaly 
under-clay  occurs  beneath  coal  I,  here  only  six  inches  thick.  The 
same  thickness  of  clay  occurs  beneath  coal  I  on  the  Buell  place  in 
section  7,  two  miles  north  of  Bowling  Green. 

In  the  vicinity  of  Centre  Point,  close  to  the  northern  line  of 
Sugar  Kidge  Township  (11  N.,  6  W.),  are  a  number  of  exposures 
of  drab  to  blue  clayey  shale,  which  will  be  found  suitable  for 
making  many  kinds  of  clay  products.  Just  northwest  of  the 
town,  in  the  southeast  quarter  of  the  southwest  quarter  of  section 
4,  on  a  100  acre  tract  belonging  to  C.  W.  Mace,  a  test 
shaft,  4x6x34  feet  was  sunk  in  1903  to  determine  the  quantity 
and  quality  of  the  underlying  clays.  A  section  of  this  shaft 
showfif : 
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Section  of  Test  Shaft  Near  Centre  Point. 

*  Feet,       huihei, 

1.  Soil    • 0  6 

2.  Yellow  surface  clay 5  0 

3.  Soft  to  hard  sandy  shale  and  sandstone 6  0 

4.  Blue  clayey  shale 17  10 

5.  Coal  IV  2  9 

6.  Under-clay    3+  0 

The  blue  clayey  shale,  No.  4,  is  of  the  same  character  as  that 
used  in  several  of  the  larger  clay  factories  at  Brazil,  being  a  very 
fine  grained  material,  free  from  all  grit,  and  when  weathered  or 
ground  and  moistened  furnishes  a  plastic  clay,  suitable  for  the 
best  of  paving  brick,  sewer  pipe,  dry  pressed  or  stiff  mud  facing 
or  ordinary  brick,  and  similar  products.  In  the  making  of  brick 
of  any  kind  from  it,  much  of  the  overlying  surface  clay  and  sandy 
shale  could  be  used.  If  sewer  pipe  or  hollow  brick  be  made  the 
shale  will  be  best  used  alone  or  mixed  with  one-quarter  to  one- 
third  its  bulk  of  the  under-clay  No.  6.  The  latter  is  a  soft  dark 
gray  plastic  material,  fit  for  hollow  building  block,  terra  cotta 
and  stoneware.  In  the  shafts  of  neighboring  mines  it  runs  five 
feet  or  more  in  thickness,  and  will  doubtless  be  found  of  that 
thickness  on  the  tract  under  consideration.  The  test  shaft  is  but 
a  few  hundred  yards  from  a  spur  of  the  Vandalia  Railway  and 
one  and  a  fourth  miles  east  of  the  Brazil  Division  of  the  E.  &  I. 
Railway.  Water  in  quantity  can  be  secured  in  wells  at  an  ap- 
proximate depth  of  450  feet. 

Along  a  branch  of  Hog  Creek,  on  the  farm  of  W.  T.  Jenkins, 
about  two-thirds  of  a  mile  southeast  of  Centre  Point  are  numer- 
ous exposures  of  a  drab  to  blue  clayey  shale  overcapped  with  12 
to  15  inches  of  gray  sandy  shale.  One  bore  showed  the  blue 
shale  to  be  ll-h  feet  in  thickness,  and  it  evidently  occurs  over  a 
large  area  on  both  sides  of  the  stream.  In  most  places  one  to 
three  feet  of  yellow  clay  overlie  the  sandy  shale  capping.  This 
deposit  can  be  easily  reached  by  a  spur  of  the  Vandalia  down  the 
creek  valley. 

In  the  southwest  of  the  southwest  of  section  3,  just  east  of 
Centre  Point,  the  same  clay  shale  stratum  outcrops  seven  feet 
thick  on  the  land  of  II.  B.  Rogers.  It  lies  just  over  coal  IV, 
which  is  here  just  at  or  above  drainage.  Another  exposure  occurs 
in  and  just  above  the  ditch  on  the  west  side  of  the  road  leading 


CLAYS  OP  CLAY  COUNTY. 


201 


from  the  Vandalia  station  to  the  town.  This  material  can  be 
easily  secured  and  will  bo  found  suitable  for  clay  products  of 
many  kinds.  The  same  stratum  is  also  said  to  outcrop  in  the 
northeast  quarter  of  section  9,  along  the  branch  of  Hog  Creek 
just  south  of  Centre  Point,  but  I  did  not  see  this  exposure. 
By  the  side  of  a  spur  of  the  Vandalia  Railway,  three-fourths 
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Fig.  9.    Map  of  Centre  Point  and  vicinity,  showing  shale  deposits. 

of  a  mile  west  of  Centre  Point  and  one-third  of  a  mile  west  of 
the  test  shaft  above  mentioned,  is  the  abandoned  shaft  of  the  old 
Louise  Mine.  A  large  amount  of  under-clay  has  weathered  out 
on  the  dump,  and  a  thick  bed  of  shale  was  visible  above  the  top 
vein  of  coal  in  the  sides  of  the  old  shaft  opening. 

One-fourth  mile  west,  in  the  northeast  of  the  southeast  of  sec- 
tion 5,  on  the  same  spur  of  the  railway,  is  the  No.  5  mine  of 
Crawford  &  Co.    A  section  of  the  shaft  showed : 
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Section  of  Crawford  No,  6  Mine,  near  Centre  Point, 

1.  Soil  and  surface  clay 2  0 

2.  Blue  clayey  shale 18  0 

3.  Coal  IV  3  6 

4.  Under-clay    3  0 

5.  Black  bituminous  sliale 7  »0 

6.  Coal  III 3  0 

7.  Under-clay    .^ 2  0 

Nos.  2,  4  and  7  are  of  good  quality  for  vitrified  clay  wares,  No. 
5  being  the  fine  grainied,  dark  blue  material  found  in  the  test 
shaft.  The  under-clay,  No.  4,  from  this  point,  if  properly 
washed,  w^ould  make  good  stoneware.  It  will  also  be  found  excel- 
lent for  terra  cotta  and  hollow  building  block.  No.  5  is  much 
harder  and  darker,  and  would  be  suitable  only  for  sewer  pipe  or, 
mixed  with  shale,  for  paving  brick. 

On  the  Butts  place,  in  the  northwest  quarter  of  section  5,  coal 
III  has  been  stripped,  a  section  at  the  pit  showing : 

Section  on  BuUa  Farm,  near  Centre  Point, 

Feet,        Indue. 

1.  Surface    4  0 

2.  Shale    10  0 

3.  Coal  III 3  0 

4.  Under-clay    4  0 

Both  shale  and  under-clay  are  suitable  for  manufacturing  pur- 
poses. 

On  the  Wm.  T.  Jenkins  farm,  three-quarters  of  a  mile  south 
of  Centre  Point,  in  the  southwest  quarter  of  section  9,  a  bore  for 
a  new  gin  shaft  showed : 

Section  on  Jenkins  Farm, 

Feet,       Jnckee, 

1.  Soil  and  yellow  clay 9  0 

2.  Gray  sandy  shale  and  sandstone 4  6 

3.  Blue  clayey  shale 14  6 

4.  Coal  IV  3  0 

5.  Under-clay    3+  0 

About  18  inches  of  under-clay  No.  5  have  to  be  removed  for 
height.  Both  it  and  shale  No.  3  are  of  the  same  nature  as  similar 
strata  in  the  test  shaft.  The  coal  is  leased  at  a  royalty  of  10 
cents  per  ton,  and  sells  for  $1.90  at  the  mine. 
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Enough  information  has  been  given  to  show  that  Centre  Point 
is  surrounded  on  every  side  by  shales  and  under-clays  well  worthy 
of  development  and  manufacture.  These  clays  are  underlain 
with  an  excellent  quality  of  block  coal,  than  which  no  better  fuel 
for  their  burning  is  in  existence.  Spurs  from  railways  run 
directly  to  or  are  within  a  few  hundred  yards  of  many  of  the 
best  deposits.  Plentiful  water  can  be  had  for  the  drilling.  There 
is  no  known  reason,  therefore,  why  the  town  should  not  be  the 
center  of  several  clay  industries  of  large  size. 

In  the  vicinity  of  Ashboro,  on  the  E.  &  I.  Railway,  in  the  north 
half  of  section  17  (11  N.,  6  W.),  coal  has  been  mined  for  many 
years.  A  section  at  the  Floaterman  gin  shaft,  northwest  quarter 
of  lY,  will  serve  to  show  the  sequence  and  thickness  of  the  strata 
in  the  region  of  the  town : 

Section  at  Floaterman  Shaftf  near  Ashboro, 

Feet,       Inchet, 

1.  Surface  soil  and  yellow  clay 9  0 

2.  Blue  to  gray  clayey  shale 19  0 

3.  Coal  IV 2  G 

4.  Under-clay    2  8 

5.  Gray  shaly  sandstone  merging  into  shale 14  10 

6.  Coal  III  3  0 

7.  Under-clay    2+  0 

Of  the  strata  given,  Nos.  2,  4  and  7,  and  the  lower  portion  of 
5  could,  if  desirable,  be  made  into  many  kinds  of  clay  products. 

In  Perry  Township  (11  N.,  7  W.),  but  little  mining  has  been 
done.  Coals  Vlb  and  VI  lie  near  the  surface  over  much  of  the 
area,  but  their  accompanying  strata  are  of  little  or  no  value  for 
making  clay  wares. 

The  underplay  beneath  coal  IV,  in  the  vicinity  of  Saline  City, 
has  in  several  places  been  mined  and  shipped  to  the  Tiffany 
Enameled  Brick  Co.,  at  Momence,  111.  In  answer  to  an  inquiry 
regarding  this  clay  the  manager  of  the  Tiffany  Company  plant, 
made  the  following  statement :  "We  have  been  able  to  get  clays 
from  Saline  City  and  Clay  City  that  mixed  with  other  clays  from 
Illinois  have  proven  fairly  satisfactory  for  the  manufacture  of 
our  dry-pressed  enameled  brick,  but  these  are  by  no  means  ideal, 
for  the  reason  that  they  do  not  stand  as  high  fire,  without  warp- 
ing of  the  bricks,  as  we  should  like  to  put  them  to.    In  1904,  we 
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used  about  7,800  tons  of  the  clay  from  the  two  places.  This  cost 
us  about  60  cents  per  ton,  f .  o.  b.  at  the  mines.  The  clays  make 
good  pressed  brick  but  need  to  stand  more  fire  for  enameled 
brick." 

Township  10  North,  Range  7  and  Part  of  6  West. 

This  area  of  60  square  miles  is  mainly  covered  with  coals  II  to 
V,  and  their  accompanying  strata.  The  greater  part  of  section 
31  (10  N".,  6  W.),  just  south  of  Clay  City,  is  a  large  hill  or  out- 
lier of  which  the  surface  is  02  feet  above  the  E.  &  I.  Railway  at 
Clay  City.  In  this  hill  coal  VI,  with  its  overlying  stratum  of 
sandstone,  occurs. 

One  mile  northwest  of  Clay  City  on  a  switch  of  the  E.  &  I. 
Railway,  in  the  southwest  quarter  of  section  19,  is  an  abandoned 
coal  shaft  of  the  Brier  Block  Coal  Company.  Coal  IV  was  for- 
merly mined  here  at  a  depth  of  117  feet.  The  vein  averaging 
but  three  feet  three  inches  in  thickness,  about  16  inches  of  the 
under-clay  was  removed  to  make  height.  The  proprietors  worked 
up  a  good  market  for  this  clay,  having  during  one  year  sold  over 
9,000  tons  of  it  at  90  cents  per  ton  on  board  the  cars.  It  was, 
while  mined,  used  as  the  main  body  clay  of  many  of  the  wares 
made  by  the  Encaustic  Tile  and  Terra  Cotta  Works  at  Indianap- 
olis. It  was  also  shipped  to  Chicago  and  Cincinnati,  where  it  was 
made  into  ornamental  brick,  fire  brick  and  terra  cotta.  Some 
very  handsome  tile  brick  made  from  this  clay  by  Tiffany  &  Co., 
of  Chicago,  are  on  exhibit  at  the  rooms  of  the  Clay  City  Commer- 
cial Club.  This  clay  has  essentially  the  same  properties  as  the 
under-clay  of  similar  horizon  at  Brazil.  When  ground  and  wet 
it  becomes  a  very  close  plastic  material,  well  suited  for  the  uses^ 
to  which  it  has  been  put.  Immediately  over  the  block  coal  at 
this  mine  are  27  feet  of  blue  clayey  shale,  the  upper  two-thirds  of 
which  can  be  made  into  vitrified  products.  While  the  coal  has 
been  worked  out,  much  of  the  clay  yet  remains  in  this  mine  and 
is  still  available.  * 

A  stoneware  pottery  was  established  at  Clay  City  in  1846,  and 
has  been  operated  continuously  since.*  For  many  years  the  clay 
has  been  obtained  from  a  pit  one-third  of  a  mile  farther  south, 
in  the  northwest  quarter  of  section  32  (10  N.,  6  W.).    This  clay 

*For  further  information  concerning  see  under  section  IV. 
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is  the  outcropping  under-clay  of  coal  VI,  and  is  obtained  by  strip- 
ping six  to  eight  feet  of  soil  and  surface  clay,  beneath  which  it 
lies  in-  a  stratum  three  to  five  feet  in  thickness.  Underlying  this 
is  a  reddish,  rotten  sandstone  of  unknown  depth.     Crystals  of 

gypsum  (selenite)  occur  in  some  parts  of  the  clay  deposit,  but  not 
in   sufficient  numbers   to-  prove  harmful.      This  clay  is,  when 

washed,  very  light,  almost  white  in  color,  has  good  refractory 
properties  and  is  one  of  the  best  potters'  clays  in  the  State. 
Burtied  in  a  regulation  down  draft  kiln  it  does  not  air-crack  while 
cooling.  It  was  formerly  used  in  quantities  in  the  pottery  in 
West  Indianapolis,  several  thousand  tons  having  been  shipped 
there.  It  brought  $1.00  per  ton  on  board  the  cars  at  the  pit. 
The  same  stratum  of  clay  outcrops  at  several  other  points  around 
Middlebury  Hill  south  and  southwest  of  Clay  City,  and  can  be 
obtained  in  any  desired  quantity  for  stoneware  manufacture. 

For  a  time  Mr.  Griffith,  the  present  potter,  secured  his  supply 
of  clay  from  the  land  of  Robert  Guthrie,  three  miles  southeast  of 
Clay  City,  and  a  fourth  of  a  mile  from  the  E.  &  I.  Railway.  At 
this  point  a  good  potters'  clay  is  secured  with  but  little  labor  from 
beneath  a  thin  seam  of  coal,  where  it  is  found  in  a  stratum  three 
and  a  half  feet  in  thickness. 

One-half  mile  north  of  Clay  City,  in  the  southeast  quarter  of 
section  19,  on  the  Burnham  farm  is  the  mine  of  Burger  &  Terry. 
Coal  IV  is  here  found  70  feet  below  the  surface,  a  section  at  the 
shaft  showing: 

Sedition  of  Shaft  of  Burger  <&  Terry  Mine, 

Feet.         Inehet, 

1.  Surface  and  boulder  clay 30  0 

2.  Gray  to  buff  sandstone 16  0 

3.  Blue  clayey  shale 24  0 

4.  Coal  IV  3  6 

5.  Under-clay 4  2 

The  under-clay.  No.  5,  is  richer  in  silica  and  therefore  more  re- 
fractory than  that  at  the  Briar  Block  mine.  Mixed  with  the  pot- 
ters' clay  found  in  the  vicinity,  in  the  proportion  of  one  part  to 
two,  its  quality  is  improved  for  stoneware  purposes,  the  mixture 
producing  a  strong,  close  textured  ware  which  does  not  air-crack 
and  which  stands  up  well  ilnder  great  heat. 

By  the  side  of  the  E.  &  I.  Railway,  two-thirds  of  a  mile  south- 
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east  of  Clay  City,  in  the  northwest  quarter  of  section  82  (10  N., 
6  W.),  is  the  new  plant  of  the  Clay  City  Brick  and  Clay  Com- 
pany. This  company  began,  in  September,  1903,  to  make  stiff 
mud  ordinary  brick  and  drain  tile  from  a  mixture  of  shale  and 
overlying  surface  clay.  A  section  at  their  pit  and  slope  shaft, 
200  feet  west  of  the  plant,  showed  as  follows  in  June,  1904: 


jT 


Section  <U  Pit  of  Clay  City  Brick  <&  Clay  Company, 

Feet.        Tnehet. 

1.  Soil  and  yellow  surface  clay 15  0 

2.  Blue  clayey  shale It*  0 

3.  Coal  V   2  10 

4.  Under-clay    8  0 

After  stripping  one  foot  of  soil,  the  surface  clay  and  shale  are 
mined  and  hauled  by  steam  power  up  a  steep  tramway  to  the  dry 
pan.  The  shale  is  a  very  pure  light  blue,  fine  grained  material 
which,  when  properly  manipulated  and  burned,  will  make  a  good 
grade  of  vitrified  products,  such  as  paving  brick,  sewer  pipe,  hol- 
low block,  etc.  The  under-clay  is  light  gray  and  very  siliceous, 
and  will  in  time,  be  made  into  fire  brick.  The  company  had  only 
ordinary  square  up-draft  kilns  in  operation,  and  were  making 
about  30,000  'ordinary  brick  daily.  These  were  light  cherry  red 
in  color  and  of  seemingly  good  quality.  The  plant  is  fairly  well 
equipped  with  modern  clay  working  machinery,  and  with  a  num- 
ber of  round  down-draft  kilns,  could  turn  otit  higher  grade  vitri- 
fied products,  the  raw  material  being  well  worthy  of  being  put  to 
better  use  than  the  making  of  ordinary  brick. 

The  under-clay.  No.  4,  of  the  last  section  outcrops  close  to  the 
E.  &  I.  Railway,  in  a  ravine  on  the  John  Miller  farm,  about  one- 
half  mile  southeast  of  the  brick  factory.  At  the  point  of  expo- 
sure it  is  a  tough,  plastic  material,  suitable  for  terra  cotta  and 
hollow  brick. 

On  the  line  between  Clay  and  Owen  counties,  three  miles  east 
and  half  a  mile  south  of  Clay  City,  southeast  of  northeast  of  sec- 
tion 34  (10  N.,  6  W.),  an  exposure  of  shale  and  under-clay  occurs 
on  the  land  of  Fred.  Burger.  At  the  point  mentioned  coal  IV 
outcrops  along  a  small  stream  and  has  been  mined  by  slope  shaft. 
A  section  of  the  exposure  shows: 
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Section  on  Burger  Farm,  Southeagt  of  Clay  City. 

Fe€t,       Inekt; 

1.  Soil  and  yellow  clay 3  0 

2.  Drab  to  buff  shale 7  0 

3.  €oal  IV 2  8 

4.  Under-clay    4+  0 

The  shale  and  under-clay  are  suitable  for  many  kinds  of  wares. 
Both  coal  and  under-clay  outcrop  in  the  branch  100  feet  below 

the  mouth  of  the  slope.  A  spur  of  the  E.  &  I.  Eailway  runs  with- 
in three-quarters  of  a  mile  of  the  outcrop. 

At  the  Westfall  Bros.'  gin  shaft,  in  the  southwest  quarter  of 
the  southwest  quarter  of  34  the  following  section  was  exposed : 

Section  at  Westfall  BroB. ,  Shaft, 

Feet,       Inchet, 

1.  Surface  soil  and  yellow  clay 6  0 

2.,  Drab  sandy  shale 11  0 

3.  Coal    2  10 

4.  Under-clay 4+  0 

About  18  inches  of  the  under-clay  is  removed  for  height,  and 
samples  from  the  dump  showed  it  to  be  a  soft  gray,  unctuous  and 
very  plastic  -clay,  suitable  for  terra  cotta,  encaustic  tile,  enameled 
brick,  hollow  building  block,  etc.  This  mine  is  a  quarter  of  a* 
mile  north  of  the  main  line  of  the  E.  &  I.  Railway.  This  same 
under-clay  and  its  overlying  coal  outcrops  in  the  ravines  over  an 
area  a  mile  square  around  this  mine. 

On  the  Croft,  Jett,  Moody  and  other  farms  in  section  33  to  the 
west,  numerous  bores  have  been  sunk  in  search  of  coal,  and 
nearly  the  entire  section  is  under  lease  by  the  Brazil  Block  Coal 
Co.  All  of  the  bores  show  a  three  to  four  foot  vein  of  under- 
clay  below  coal  V  when  the  latter  is  present,  and  usually  a 

* 

stratum  of  blue  shale  just  above  cool  IV,  with  a  five  to  seven  foot 
vein  of  under-clay  beneath  the  latter. 

'  Around  the  slopes  of  the  high  hill  already  mentioned  as  cover- 
ing the  greater  part  of  section  31,  on  which  the  village  of  Middle- 
bury  or  Martz  is  situated,  are  a  number  of  exposures  of  under- 
clay.  Among  them  is  the  stratum  of  potters'  clay  above  de- 
scribed as  used  at  the  Griffith  pottery  in  Clay  City.  A  connected 
section  of  a  portion  of  this  Middlebury  hill  is  given  by  Ashley  as 
follows : 
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Connected  Secthn  About  Middlebury. 

Feet.  Inekf.      Feet,       JncXee. 

1.  Surface  and  drift 0tc30  0^  30  0 

2.  Sandstone   15  0  45  0 

3.  CoaJ  VI   7  0  52  0 

4.  Under-clay    3  6  55  6 

5.  Sandstone  and  shale 8  6  64  0 

G.  Limestone    or    blue    calcareous 

shale   7  to  3  0  67  0 

7.  Yellow  shale   2  0  68  0 

8.  Black  bituminous  sheety  shale.  4  0  73  0 

9.  Coal  V  2  to  4  0  77  0 

On  the  north  slope  of  the  hill,  by  the  side  of  the  road  leading 
from  Clay  City  to  Martz  is  an  outcrop  of  the  potters'  clay,  No.  4 
of  the  section,  on  the  land  of  Wna.  Mnlsom.  The  outcrop  is  on 
the  site  of  an  old  quarry  where  the  limestone,  No.  6,  has  been 
taken  out  for  macadam.  The  potters'  clay  is  here  four  feet  thick 
with  three  to  seven  feet  of  yellow  clay  above  it. 

On  the  land  of  James  F.  Lankford,  in  the  southeast  quarter  of 
section  31,  a  half  mile  southeast  of  Martz,  and  one  mile  south- 
west of  the  E.  &  I.  Railway,  a  200  foot  bore  has  been  sunk  for 
coal,  a  partial  section  of  which  shows: 

Section  of  Bore  on  Lankford  Farm, 

Feet,       Inehee. 

1.  Soil  and  yellow  clay 18  0 

2.  Sand  and  gravel 2  2 

3.  Blue  clayey  shale  9  4 

4.  Sand   rock    2  0 

5.  Black  bituminous  shale  4  0 

6.  Coal    2  9 

7.  Under-clay    9  2 

8.  Sand  rock  5  0 

9.  Gray  shale  12  0 

10.  Coal    2  6 

11.  Under-clay    5  0 

No.  Y  is  a  light  gray,  very  siliceous  under-clay.  Samples  of  it 
were  sent  to  the  Tiffany  Brick  Co.,  at  Momence,  Illinois,  who 
reported  it  well  suited  for  making  enameled  brick,  encaustic  tile, 
etc. 

One-half  mile  northwest  of  Martz,  in  the  northwest  quarter  of 
section  31,  on  the  land  of  Chas.  Cooprider,  coal  VI  has  been 
stripped  on  a  slope  of  Middlebury  hill  and  is  now  being  mined 

14— Geology. 
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from  a  drift  shaft.  Where  stripped  it  is  said  to  have  been  in 
places  11  feet  thick.  The  under-clay  at  the  mouth  of  the  shaft 
is  nine  feet  thick  and  of  good  quality.  Less  than  a  quarter  of  a 
mile  to  the  northwest  a  large  area  has  been  stripped  on  the  slope 
of  the  hill  to  secure  the  limestone  between  coals  VI  and  V  for 
roadmaking  purposes.  Coal  VI  is  here  absent,  but  between  the 
surface  deposit  of  yellow  clay,  seven  to  10  feet  thick,  and  the 
limestone,  is  a  stratum  of  potters'  clay.  Except  where  stained 
with  iron  oxide,  by  the  leachings  from  the  overlying  yellow  clay, 
it  is  very  white  and  siliceous  with  an  occasional  glistening  scale 
of  mica  visible.  The  stratmn  averages  four  feet  two  inches  in 
thickness  and  rests  directly  on  the  worked  bed  of  limestone,  here 
five' feet  six  inches  thick.  The  stratigraphy  shows  this  potters' 
clay  to  represent  the  partially  weathered  under-clay  of  coal  VI. 
All  the  so-called  potters'  clays  of  the  State  are  but  under-clays 
of  some  coal  seam.  They  occur  in  places  where  the  coal  is 
absent  and  are  usually  covered  only  by  a  few  feet  of  alluvial  or 
drift  clays.  Having  been  exposed  for  centuries  to  the  leaching 
waters  f  Pom  the  overlying  material,  they  have  undergone  a  proc- 
ess of  natural  washing  which  has  rid  them  of  many  of  their 
impurities  and  left  them  very  light  in  color  and  exceedingly 
plastic,  fit  in  every  way  for  the  manipulation  of  the  potter. 

An  analysis  of  a  sample  of  this  potters'  clay  as  it  came  from 
the  deposit,  made  for  this  report  by  Dr.  Lyons,  shows  its  chem- 
ical constituents  to  be  as  follows: 

Analygis  of  Potters'  Clay  from  Land  of  Chas,  Cooprider,  Martz,^Ind, 

Smca  (SiOJ    75.57 

Titanium  oxide  (TiO,) 85 

Alumina  (A1,0J. 13.97 

Water   4.47 

Clay  base  and  sand 94.86 

Ferric  oxide  (Fe^OJ 1.47 

Lime  (CaO)    95 

Magnesia  (MgO) 71 

Soda  (Na,0)    46 

Potash  (K,0)   1.77 

Fluxes   .  5.86 

Total   100.22 
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From  what  has  been  written  it  will  be  seen  that  within  a  radius 
of  two  or  three  miles  of  Clay  City  are  numerous  thick  deposits 
of  shales,  under-ckys  and  potters'  clays,  suitable  for  making  the 
best  of  many  kinds  of  clay  wares.  -Coal  occurs  either  above  or 
below  these  clays  in  quantity  sufficient  to  bum  them.  The  E.  & 
I.  Railway,  with  terminals  at  Evansville  and  Terre  Haute,  passes 
within  a  short  distance  of  all  the  principal  deposits;  while  the 
Indianapolis  Division  of  the  Monon,  to  be  finished  in  1906,  will 
offer  a  ready  outlet  to  the  east  and  north.  Good  water  is  avail- 
able in  abundant  supply.  Clay  City  has  a  population  of  nearly 
2,000,  and  its  Commercial  Club  is  willing  and  anxious  to  secure 
factories  to  develop  these  dormant  clay  resources.  All  persons 
seeking  sites  for  clay  working  factories  are  invited  to  investigate 
personally  any  or  all  of  the  deposits  herein  briefly  described. 

As  has  been  shown,  deposits  of  shale  and  clay  cover  a  large 
area  of  Clay  County,  and  suitable  locations  for  factories  for  their 
utilization  are  abundant.  Those  already  erected  in  the  vicinity 
of  Brazil  have  proven  the  clays  fitted  in  the  highest  degree  for 
the  making  of  many  products.  Their  orders  during  the  past  ten 
years  have  for  the  most  of  the  time  been  booked  for  months 
ahead,  and  the  trade  has  so  far  been  worked  up  only  in  small 
areas  of  the  states  of  Michigan,  Illinois  and  Indiana.  The  sewer 
pipe  and  paving  brick  industries  were  scarcely  affected  by  the 
panic  of  1893-1894,  as  many  cities  kept  their  unemployed  work- 
men engaged  in  street  repair,  and  the  demand  for  those  products 
was  increased  rather  than  diminished.  Taking  everything  into 
consideration,  there  is  no  reason  why  Clay  County  should  not  be- 
come as  noted  for  her  clay  industries  in  the  future  as  she  has  been 
for  her  deposits  of  block  ooal  in  the  past. 

OWEN  COUNTY. 

.  Occupying  an  area  of  3d8  square  miles  southwest  of  the  cen- 
ter of  the  State,  is  Owen,  a  county  rich  in  undeveloped  mineral 
resources.  It  lies  south  of  Putnam,  east  of  Clay,  north  of 
Greene  and  west  of  Morgan  and  Monroe  counties.  The  county  is 
irregular  in  shape,  its  maximum  length  being  21  miles  from 
north  to  south.  Its  northern  third  is  17  miles  wide  from  east 
to  west;  while  the  southern  two-thirds  is  20  miles  in  width. 
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The  Geological  Epochs  represented  in  the  county  are  seven  in 
number,  viz.,  the  Knobstone,  the  Harrodsburg,  Bedford  Oolitic, 
Mitchell  and  Huron  limestones  of  the  Lower  Carboniferous,  and 
the  Mansfield  Sandstone  and  Coal  Measures  of  the  Carboniferous 
Period. 

The  Lower  Carboniferous  rocks  form  the  outcropping  strata 
over  much  of  the  eastern  part  of  the  county  and  are  most  readily 
recognized  by  the  presence  of  heavily  bedded  limestone.  This 
limestone  at  places  immediately  underlies  the  Coal  Measures;  at 
other  places  there  is  a  considerable  thickness  of  shale  or  sand- 
stone between.  The  Knobstone  and  Harrodsburg  limestone  oc- 
cur only  along  the  eastern  border  of  the  county ;  the  former  out- 
cropping along  the  bluffs  of  White  River  near  Gosport ;  the  latter 
being  found  over  an  area  of  several  square  miles  above  and  be- 
low that  town,  and  also  over  a  small  area  in  the  northeastern 
comer  of  the  county.  The  Bedford  Oolitic  limestone  forms  the 
surface  of  several  parts  of  sections  just  to  the  west  of  the  Har- 
rodsburg and  has  been  quarried  extensively  at  Romona  and  near 
Spencer.  The  Mitchell  is  the  predominating  limestone  over  the 
eastern  half  of  the  county  and  has  been  used  in  a  number  of 
places  for  macadam  purposes.  The  Huron  limestones  and  sand- 
stones are  exposed  mainly  along  the  streams  of  the  western  half, 
where  the  overlying  Mansfield  sandstone  has  been  eroded  from 
above. 

The  Mansfield  sandstone  forms  the  surface  of  irregular 
patches  or  tracts  of  the  higher  land  in  the  western  half.  These 
table  lands  often  cover  an  area 'of  a  dozen  or  more  square  miles 
and  are  characterized  by  possessing  a  less  fertile  soil  than  that 
above  the  limestones.  The  Coal  Measure  rocks  proper,  lap  over 
the  western  edge  of  the  southern  part  of  the  county,  covering  an 
area  of  15  to  18  square  miles  north  and  south  of  Coal  City,  and 
also  a  very  irregular  tract  of  eight  or  ten  square  miles  in  the 
vicinity  of  Patricksburg. 

In  the  northeastern  part  of  the  county,  near  Quincy,  the  sur- 
face is  rolling,  the  valley  of  Eel  River  broad,  level  and  shallow. 
From  the  northwestern  to  the  southeastern  corner  stretches  a 
belt  of  high  hills  or  ridges  and  deep,  narrow  valleys,  the  ridges 
rising  150  to  250  feet  above  the  valleys  and  up  to  300  feet  above 
White  River.     To  the  southwest  the  hills  become  lower  and 
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broader,  with  broader  valleys  between.  All  but  the  southeastern 
corner  of  the  county  lies  in  the  drift  area.  Over  its  hillier  part 
the  drift  is  shallow  or  wanting,  so  that  it  interferes  but  little 
with  observing  the  rocks.  Towards  the  northern  and  southwest- 
em  parts  the  drift  increases  in  depth;  but  still  probably  aver- 
aging less  than.  20  feet  and  not  often  running  over  30  feet  in 
thickhess. 

The  principal  stream  is  the  West  Fork  of  White  River,  which 
flows  across  the  southeastern  corner  of  the  county  from  north- 
east to  southwest.  Its  tributaries  are  Mill,  Rattlesnake  and  Fish 
creeks  from  the  north,  and  McCormack's  and  Raccoon  creeks 
from  the  south  and  east.  The  South  Fork  of  Eel  River,  rising 
near  the  northeastern  comer  of  the  county,  flows  west  or  north- 
west and  joins  the  main  or  North  Fork  in  the  southwestern  cor- 
ner of  Putnam  County.  It  then  swings  around  through  eastern 
Clay  County  and,  after  receiving  the  Jordan,  Six  Mile  and  Lick 
creeks,  crosses  the  extreme  southwestern  corner  of  Owen  County, 
flowing  a  little  south  of  east.  All  these  streams  furnish  ample 
drainage  and  have,  by  their  erosion,  rendered  the  greater  part 
of  the  surface  of  the  county  very  rough  and  broken. 

Three  railroads,  the  C,  I.  &  L.  (Monon),  the  I.  &  V.,  and  tbe 
E.  &  I.,  cut  across,  respectively,  the  northeastern,  the  southeast- 
ern and  the  southwestern  corners,  leaving  the  center  and  north- 
ern parts  wholly  without  facilities  for  transportation.  However, 
the  Indianapolis  Divisions  of  both^the  Southern  Indiana  and  the 
Monon  have  been  recently  surveyed  through  the  northern  third 
and  there  is  little  doubt  but  that  one  or  both  will  soon  be  con- 
structed. 

Township  11  North,  Ranges  S,  Jf.  and  Parts  of  2  and  5  West. 

The  Knobstone  shale,  which  forms  the  oldest  surface  rocks  in 
Owen  County,  is  exposed  north  of  Gosport  in  a  bold  bluff  for 
nearly  half  a  mile  just  south  of  the  junction  of  the  "Monon"  and 
I.  &  V.  Railways.  This  exposure  is  on  the  lands  of  Dr.  John  W. 
Smith  and  Major  A.  H.  Wampler,  in  the  northeast  quarter  of 
section  31  and  the  northwest  quarter  of  32  (11  N.,  2  W.)*  The 
shale  is  here  grayish  blue  in  color,  free  from  lime  and  iron  im-. 
purities,  and  with  the  proper  manipulation  will  make  a  good  arti- 
cle of  pressed  front  brick  or  vitrified  paving  brick.    Sample  brick 
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from  a  similar  material  at  Martinsville,  Ind.,  made  by  Boyd, 
White  &  Co.,  of  Chicago,  are  unexcelled  in  general  appearance. 
The  railway  facilities  at  Gosport  are  excellent ;  cheap  fuel  can  be 
obtained  from  the  mines  of  Greene  and  western  Owen  counties ; 
and  an  abundant  supply  of  water  in  White  River. 

In  the  vicinity  of  Gosport  are. also  many  deposits  of  the  better 
grades  of  surface  clays.  In  a  ravine  on  the  land  of  D.  W.  Bus- 
kirk,  in  the  northern  limits  of  the  town,  northeast  quarter  of 
section  31  (11  N.,  2  W.),  is  an  outcrop  of  yellow  clay  which  by 
excavatioii  has  been  shown  to  be  eight  feet  in  thickness.  It  is 
much  lighter  colored  and  finer  grained  than  the  ordinary  surface 
clays  of  the  surrounding  hills,  and  judging  from  appearances  will 
make  a  good  dry  pressed  front  brick.  To  the  west  it  becomes 
more  siliceous  and  approaches  in  character  a  fire-clay.  The  sur- 
face clays  overlying  the  outcropping  Knobstone  shales,  as  well 
as  the  shales  themselves,  are  suitable  for  ordinary  soft  mud  brick, 
and  the  mouth  of  the  ravine,  between  the  deposit  of  yellow  clay 
above  mentioned  and  the  two  railways,  presents  an  attractive 
location  for  a  combination  plant,  capable  of  making  both  dry- 
pressed  and  ordinary  brick. 

Accompanying  coal  I,  in  the  Mansfield  sandstone  area  of  the 
northern  third  of  Owen  County,  occur  some  deposits  of  potters^ 
clay  and  shale  which,  when  the  new  railways  are  opened  up,  will 
prove  of  value.  The  most  available  of  these,  and  the  only  ones 
examined  for  this  report,  are  located  in  the  vicinity  of  Cataract, 
in  township  11  N.,  4  W. 

One-third  to  one-half  mile  southwest  of  Cataract,  on  the  land 
of  Dr.  J.  M.  Jones,  southwest  quarter  of  the  northeast  quarter 
and  the  east  half  of  the  northwest  quarter  of  section  2  (11  N., 
4  W.),  are  some  deposits  of  a  fine  grade  of  potters'  clay  and  some 
good  shale.  A  connected  section  of  the  strata  of  the  vicinity 
shows : 

Section  on  Land  of  Dr.  Jones,  near  CkUaract, 

Feet.       Inehet, 

1.  SoU  and  surface  clay 2  0 

2.  Sandstone    20  0 

3.  Coal  I   0  2 

4.  Under-clay    7  6 

5.  Soft  blue  clayey  shale 7  0 

6.  Drab  sandy  shale 8  0 

7.  Three  thin  bands  of  Ironstone 0  7 

8.  Blue  clayey  shale  7+  0 


/ 
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On  the  north  slope  of  a  high  hill,  in  the  east  half  of  the  north- 
west quarter  of  2,  the  under-claj  No.  4  is  exposed  in  the  gullies 
and  is  covered  only  by  two  to  three  feet  of  soil  and  drift,  over 
quite  an  area.  It  is  a  soft,  very  light  gray  to  white,  plastic, 
potters'  clay ;  is  wholly  free  from  grit  and^  other  impurities,  and 
will  make  an  excellent  grade  of  stoneware.  According  to  Dr. 
Jones,  this  stratum  of  under-clay  extends  a  half  mile  or  more  to 
the  north  without  rock  or  other  heavy  cover  above  it. 

To  the  southeast,  on  the  north  side  of  the  east-west  road,  the 
shales  Nos.  5  and  6  are  exposed  to  the  thickness  mentioned  in 
the  section.  The  upper  blue  shale  is  a  soft,  fine-grained,  clayey 
shale,  very  plastic  when  weathered.  Numerous  small  nodules 
of  kidney  iron  ore  are  weathered  out  on  its  surface,  the  lighter 
particles  of  shale  from  around  them  having  been  carried  down 
the  slope  by  eroding  waters.  This  shale  will  make  sewer  pipe 
and  hollow  building  block,  or,  mixed  with  one-third  its  bulk  of 
the  sandy  shale  below  it,  a  good  grade  of  paving  or  dry  pressed 
brick.  Shale  No.  6  is  too  sandy  to  be  used  alone,  but  can  be 
ground  up  with  either  the  overlying  or  underlying  stratum  and 
made  into  many  kinds  of  products. 

The  lower  shale.  No.  8,  is  exposed  by  the  side  of  the  stream 
near  the  road  at  the  base  of  the  hill  to  a  thickness  of  7  feet. 
It  is  of  a  fine  quality  of  clayey  shale,  a  little  more  siliceous  than 
No.  5,  and  suitable  for  all  kinds  of  vitrified  wares.  Just  over 
it  are  three  bands  of  siderite,  or  kidney  iron  ore,  each  two  to  four 
inches  thick,  and  over  these  at  the  point  mentioned  about  two 
feet  Qf  yellow  clay.  These  shale  deposits  also  come  close  to  the 
surface  over  the  north  half  of  the  southwest  quarter  of  section 
2,  on  the  south  side  of  the  road. 

Three-fourths  of  a  mile  southeast  of  Cataract,  on  the  land  of 
Rev.  D.  T.  Poynter,  west  half  of  the  northeast  quarter  of  section 
1,  the  following  exposure  is  visible  by  the  side  of  a  small  tribu- 
tary of  Eel  River,  the  latter  stream  being  one-fourth  mile  to  the 
east: 

Section  on  Land  of  2).  T.  Poynter, 

1.  Sou    0  4 

2.  Iron  ore  band  (siderite) 0  3' 

3.  Sandy  shale  12  0 

4.  CJoal— two  thin  bands  0  % 

5.  Under-clay    2  0 

6.  Soft  blue  clayey  shale 7+  0 
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Of  these  No.  3  is  too  siliceous  to  be  used  alone,  but  could  be 
mixed  with  both  Nos.  5  and  6.  Some  trouble  might  be  expe- 
rienced with  sulphur,  as  numerous  small  crystals  of  pyrites  were 
visible  in  the  under-clay.  The  blue  shale  is  of  good  quality  for 
many  wares. 

Mr.  Poynter  states  that  the  under-clay  comes  close  to  the  sur- 
face in  several  large  fields  on  his  farm,  and,  being  practically 
impervious,  whenever  it  rains  the  water  is  held  for  a  long  period 
in  the  overlying  soil,  and  renders  it  difficult  to  cultivate. 

On  the  land  of  W.  E.  Meek,  northeast  quarter  of  section  10 
(11  N.,  4  W.),  two  and  a  half  miles  southwest  of  Cataract,  just 
southwest  of  the  junction  of  the  Cataract  and  Vandalia  and  Cata- 
ract and  Bowling  Green  roads,  the  same  shales  and  potters'  clays 
were  exposed  as  were  noted  as  occurring  on  Dr.  Jones'  land.  The 
potters'  clay  and  sandy  shale  are  exposed  in  ditches  by  the  road- 
side just  south  of  the  road  junction,  and  the  lower,  plastic  blue 
shale. in  a  ravine  200  yards  to  the  southwest,  where  it  outcrops 
four  feet  thick,  with  a  foot  or  so  of  drift  above  it.  These  shales 
and  under-clay  accompanying  coal  I  evidently  tave  a  wide  distri- 
bution in  this  region,  and  will  eventually  be  used  for  manufac- 
turing purposes. 

On  the  Evans  farm,  in  the  northeast  quarter  of  section  11  (11 
N.,  4  W.),  the  following  strata  are  exposed,  according  to  Col- 
lett :* 

Sedion  at  Evans'  Farm, 

Feet.       Inchet, 

1.  Sou  and  surface  10  0 

2.  YeUow  sandstone 8  0 

3.  Blue  shale  with  ironstone 10  0 

4.  Black  shale   0  8 

5.  Under-clay    2  0 

6.  Coarse  sandstone    28  0 

7.  Massive  gritty  sandstone,  white  and  yellow 30  0 

8.  Soft  white  sandstone 3  G 

9.  Blue  clay  shale 12  0 

10.  Band  of  kidney  iron  ore 0  8 

11.  Black  clod  or  clay 1  10 

12.  Coal    1 1  8 

13.  Blue  shale  with  iron  ore 12  0 

14.  Kaskaskia  limestone  in  creek 11  0 


*  Seventh  Ann.  Rep.  Geol.  Surv.  Ind.,  1875, 342^ 
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This  point  was  not  visited  by  me,  but  from  the  description  I 
judge  Nos.  3,  5,  9  and  13,  aggregating  36  feet  in  vertical  thick- 
ness, to  be  suitable  for  clay  working  purposes.  The  iron  ore, 
mBntioned  as  occurring  in  3  and  13,  is  evidently  the  kidney  con- 
cretions of  siderite  found  in  nearly  all  shale  deposits. 

Township  10  North,  Ranges  Jf,  5  and  Part  of  6  West 

The  more  valuable  deposits  of  clays  and  shales  of  Owen 
County  are  found  in  townships  9  and  10  north,  ranges  6  and '7 
west.  Here  are  located  the  principal  coal  veins ;  in  fact,  the  only 
ones  of  value  in  the  county,  together  with  their  accompanying 
shales  and  under-clays. 

In  the  western  part  of  Spencer,  the  county  seat,  Woods  Bros, 
made,  for  30  years,  a  good  quality  of  ordinary  brick  and  drain 
tile  from  a  yellow  loamy  surface  clay,  after  stripping  four  to  six 
inches  of  soil.  The  same  firm  also  made  flowerpots  and  kindred 
wares  from  an  under-clay  obtained  at  Powell's  hill,  four  and  a 
half  miles  west  of  Spencer.  About  $2,500  worth  of  these  prod- 
ucts were  made  in  1903.  On  account  of  financial  trouble,  the 
plant  changed  hands  and  was  not  run  in  1904,  and  during  that 
year  there  was  not  a  clay  product  of  any  kind  made  in  the  coimty. 

On  the  land  of  T.  J.  Blakemore,  in  the  southwest  quarter  of 
23  (10  N.,  4  W.),  three  miles  west  of  Spencer,  is  an  outcrop  of 
six  to  eight  feet  of  blue  shale  in  a  ravine,  the  bottom  being 
hidden.  The  shale  is  light  blue  in  color,  very  fine-grained,  and 
when  ground  and  moistened  will  form  a  tough,  plastic  material, 
suitable  for  vitrified  brick,  sewer  pipe,  etc. 

In  the  northeast  quarter  of  section  13  (10  IST.,  5  W.),  two  and 
a  half  miles  east  of  Patricksburg,  is  a  case  of  the  Mansfield  sand- 
stone being  replaced  by  shale.  In  the  northwest  of  the  north- 
east is  an  exposure  of  massive  sandstone  12  to  15  feet  thick. 
Toward  the  east  the  sandstone  thins  out.  Oii  the  west  side  of 
the  drain,  near  the  township  line,  a  drift  was  driven  a  short  dis- 
tance under  the  sandstone,  but  no  coal  was  struck.  A  well  in 
the  bottom  of  the  branch  just  above  this  went  through  50  feet  of 
blue  shale.  The  road  from  the  branch  to  the  top  of  hill  50  to  60 
feet  above  shows  gray  shale  all  the  way,  making  a  thickness  of 
100  to  110  feet  of  workable  shale. 
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In  the  immediate  vicinity  of  Patricksbnrg  the  lower  block  coal 
III  is  found  close  to  the  surface  in  thick  veins  of  great  purity. 
On  the  land  of  John  Andrews,  one-half  mile  southeast  of  Pat- 
ricksbnrg, on  the  northwest  quarter  of  the  southeast  quarter  of 
section  15  (10  N.,  5  W.),  a  slope  mine  has  been  worked  for  some 
yeara.  A  section  at  this  point  shows  the  presence  of  the  follow- 
ing strata: 

Section  at  Andrews  Mine,  South  of  Patricksburg. 

Feet,       Inchei. 

1.  Surface  and  yeUow  drift  clay 5 

2.  Blue  gray  clayey  shale  21 

3.  Coal  III 5  2 

4.  Under-clay    4         3 

5.  Sandstone    31 

The  deposit  of  shale  above  the  coal  is  one  of  the  best  I  have 
seen  in  the  State.  It  is  of  very  fine  texture,  free  from  grit  and 
all  traces  of  nodular  iron  ore.  It  is  very  similar  to  the  sean> 
worked  at  Brazil  into  sewer  pipe  and  other  products.  The  under- 
clay  below  the  coal  is,  however,  inferior  in  quality,  containing 
a  large  percentage  of  pyrites  and  other  impurities  and  presenting 
a  shaly  or  laminated  appearance. 

A  short  distance  north  of  Patricksburg,  in  the  southwest  quar- 
ter of  section  10,  are  two  slope  mines  where  the  same  shale  is 
exposed  to  a  thickness  of  16  to  20  feet.  The  coal  in  these  mines 
is  over  four  feet  thick,  pure  non-caking  block,  equal  to  the  best 
in  this  or  any  other  State.  Both  fuel  and  clay  are  here  present 
in  almost  inexhaustible  quantity.  The  one  thing  lacking  is  a  rail- 
way spur  by  which  these  resources  or  their  manufactured  wares 
can  be  carried  to  the  points  where  needed. 

The  horizon  of  coal  I  is  found  from  25  to  40  feet  below  that 
of  III,  and  the  vein  outcrops  in  many  places  north  and  northeast 
of  Patricksburg.  The  under-clay  of  this  coal  is  from  three  to 
four  feet  in  thickness,  of  good  quality  and  suitable  for  terra 
cotta,  and  in  many  places  for  potters'  wares. 

Down  the  Lick  Creek  Valley,  southwest  of.  Patricksburg,  the 
shale  overlying  coal  III  comes  to  the  surface  in  a  great  many 
places.  A  railway  from  Woodside  could  be  easily  constructed 
up  this  valley  to  Patricksburg,  and  so  open  up  the  way  for  devel- 
oping many  of  these  deposits  of  shale  and  underlying  coal. 


I 
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On  the  William  Norris  place,  in  the  southeast  quarter  of  sec- 
tion 21,  two  veins  of  coal  occur,  a  section  of  the  exposure  being 
as  follows: 

Sectian  on  the  Norris  Farm,  Southwest  of  Patrickaburg, 

1.  Son     10  0  10  0 

2.  Gray  shale  4  0  14  0 

3.  Coal  IV   5  0  19  0 

4.  Shale  and  iron  ore 30  0  49  0 

5.  Coal   III    2  2  51  2 

Just  across  the  line,  in  the  northwest  of  northwest  of  section 
28,  coal  III  has  been  mined  on  the  Devin  place,  formerly  the 
Sinks  place.  At  an  open  drift  the  coal  measured  two  feet  ten 
inches  in  thickness.  It  is  a  semi-block  to  block,  showing  the  slips 
and  splitting  readily  along  the  dull  bands.  Above  it  is  12  feet 
of  brown  to  blue  shale,  suitable  for  clay  wares. 

Near  Woodside,  or  "Lancaster,"  in  the  northwest  of  section  26 
(10  N.,  6  W.),  are  several  mines  from  which  the  well-known 
"Lancaster  Block"  coal  is  secured.  An  average  section  at  these 
mines  shows: 

Section  near  Woodside  or  Lancaster. 

1.  Soil  and  yellow  clay 8  0 

2.  Blue  shale   13  0 

3.  Coal  IV  4  0 

4.  Under-clay   merging  into  sandstone 4  0 

\    Brown  to  black  shale 10  0 

6.  Coal    III    3  0 

7     Under-clay    10  0 

The  shale  overlying  coal  IV  is  here  13  feet  thick.  The  upper 
eight  feet  could  be  utilized,  but  the  lower  part  contaibs  too  much 
bitumen.  The  under-clays  Nos.  3  and  7  are  both  of  good  quality 
for  terra  cotta  or  hollow  building  block.  Only  coal  IV  has  been 
worked.  These  mines  are  located  on  a  spur  of  the  E.  &  I.  Rail- 
way. 

About  1887  John  Andrews  erected  a  factory  at  this  point  for 
the  purpose  of  making  fireproofing,  vitrified  drain  tile,  brick,  etc. 
The  machinery  with  which  it  was  furnished  was  old-fashioned 
and  the  kilns  constructed  were  patterned  after  those  used  in 
Scotland  two  centuries  ago.  As  a  result  the  enterprise  proved  a 
failure,  and  nothing  has  been  done  since  1896.     From  $10,000 
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to  $12,000  were  sunk,  one-half  enough  to  have  fitted  the  factory 
up  in  good  shape  with  the  latest  improved  machinery.  All  the 
essentials  of  a  successful  clay  industry  are  present,  and  a  plant 
constructed  and  carried  on  in  modern  style  would  doubtless 
prove  remunerative;  but  Old  World  methods  of  a  century  or 
more  ago  cannot  compete  successfully  with  those  of  the  present 
age. 

One  and  a  fourth  miles  south  of  Woodside,  in  the  northwest 
quarter  of  section  35  (10  N.,  6  W.),  is  the  Berger  slope  shaft, 
where  coal  IV  is  reported  to  average  four  feet,  ranging  from 
three  feet  six  inches  to  four  feet  six  inches,  without  parting. 
Near  the  south  line  of  the  same  section  are  the  Grouse,  Leohr  and 
Harbough  drifts,  on  coals  IV  and  III,  the  two  coals  here  being 
about  12  feet  apart.  The  upper  coal  is  said  to  range  from  three 
feet  six  inches  to  four  feet,  with  a  blue  shale  roof  and  fire-clay 
under.  The  lower  bed  is  said  to  run  from  two  to  three  feet, 
being  a  fine  quality  of  block  coal.  The  interval  between  the  beds 
is  composed  of  a  good  quality  of  shale  for  vitrified  products. 

Tovmship  9  Norths  Ranges  8,  U,  5  and  Part  of  6  West. 

Among  the  jars  of  clay  in  the  State  Museum,  collected  by 
former  State  Geologist  S.  S.  Gorby,  is  one  filled  with  very  fine 
white  kaolin,  and  having  on  the  label  the  name  of  J.  H.  Ward, 
Spencer,  Ind.  No  other  data  accompanied  it,  and  no  such  person 
is  known  in  the  vicinity  of  Spencer.  That  deposits  of  kaolin  simi- 
lar in  quality  to  that  of  Huron,  Lawrence  County,  occur  in  Owen 
County  has  long  been  known,  yet  but  little  has  been  done  toward 
their  development. 

An  outcrop  occurs  on  the  land  of  Mrs.  Hopewell,  five  miles 
southeast  of  Spencer,  section  12  (9  N.,  3  W.).  A  slope  shaft  was 
put  in  a  short  distance  a  few  years  ago,  and  excellent  samples 
obtained.  A  visit  to  the  place  showed  that  the  opening  had  been 
closed  by  the  soil  washing  down  over  it.  A  quantity  of  the 
kaoliii,  stained  by  iron  oxide,  was  lying  near,  but  no  specimens  of 
the  better  grade  were  secured.  In  the  Geological  Report  for 
1875,  p.  359,  Prof.  Collett  mentioned  a  smiilar  outcrop  as  occur- 
ring in  the  northeast  quarter  of  section  7  (9  N.,  3  W.),  four  miles 
west  of  the  one  above  mentioned.    The  kaolin  probably  underlies 
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the  greater  portion  of  9  north,  3  west,  but  the  thickness  and 
quality  of  the  stratum  can  only  be  determined  by  a  more  exten- 
sive investigation  of  the  known  outcrops. 

One  and  three-fourth  miles  southwest  of  Freedom,  on  the  land 
of  John  Mclndoo,  northeast  quarter  of  section  32  (9  N.,  4  W.), 
is  a  large  deposit  of  pinkish  red  clay  which  lies  near  the  surface. 
The  first  outcrop  visited  was  by  the  roadside  about  one-eighth  of 
a  mile  north  of  the  I.  &  V.  Railway,  where  the  vein  of  this  clay 
has  been  proven  by  digging  to  be  six  feet  in  thickness  and  over- 
lain with  from  five  to  seven  feet  of  soil  and  yellow  clay.  Far- 
ther north  and  west.it  extends  over  quite  an  area,  and  in  places 
on  the  lands  of  A.  J.  Nelson  and  James  Pattejson  it  has  been 
stripped  and  shipped  for  a  number  of  years  to  the  U.  S.  Encaustic 
Tile  and  the  Terra  Cotta  Works,  at  Indianapolis;  the  National 
Tile  Company,  at  Anderson,  Ind.,  and  to  Newark,  N.  J.  Prob- 
ably 1,500  carloads  have  been  sold,  the  clay  being  hauled  in 
wagons  a  mile  and  a  quarter  to  Farmers'  Station,  where  it 
brought  from  $1.50  to  $2.00  per  ton  on  board  the  cars. 

This  is  one  of  the  high-grade  commercial  clays  of  Indiana, 
being  very  fine-grained  and  in  most  cases  free  from  grit  and 
gravel,  tough  and  exceedingly  plastic.  Streaks  of  a  whiter  color 
occasionally  run  through  it,  which,  when  present  in  any  quantity, 
deteriorate  its  value  for  the  uses  to  which  it  is  at  present  put. 
That  found  on  the  Mclndoo  land,  above  noted,  contains  fewer 
impurities  than  at  any  other  exposure  visited,  and  it  is  more 
accessible  to  a  railway. 

A  deposit  of  similar  clay  has  been  recently  uncovered  on  the 
land  of  Zach.  Messick,  southwest  of  southeast  of  section  29  (9 
N.,  4  W.),  one  and  a  half  miles  northeast  of  Farmers,  on  the 
north  side  of  the  Farmers-Freedom  road.  This  exposure,  in  June, 
1904,  showed  five,  feet  of  soil  and  yellow  clay,  overlying  five  or 
more  feet  of  the  pinkish  red  clay,  the  bottom  of  the  latter  stratum 
not  being  reached.  The  lower  part  of  this  pit  showed  the  clay 
as  shipped  to  be  a  decomposed  shale,  as  the  laminae  or  layers  of 
pinkish  shale,  an  inch  or  two  thick,  were  plainly  visible  at  a 
depth  of  eight  or  more  feet  from  the  surface. 

On  the  land  of  J.  K.  Payne,  near  the  center  of  section  29,  the 
same  clay  outcrops  in  a  ravine.  In  a  well  a  few  rods  east  of  this 
outcrop  the  following  section  was  exposed : 
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Section  en  Land  of  J,  R,  Payne. 

1.  Surface  and  yellow  clay 10         0 

2.  Blue  argillaceous  shale   14         0 

3.  Pinkish  red  plastic  clay ?         0 

This  would  also  go  to  prove  tbat  the  pinkish  clay  is  a  decom- 
posed shale,  and  not  a  surface  deposit,  as  haa  been  formerly 
believed.  This  clay  is.  used  by  the  Encaustic  Tile  Company  to 
mix  with  less  refractory  surface  clays  in  the  making  of  red  floor 
tiling.  It  is  too  pure  and  refractory  to  use  alone,  twisting  and 
shrinking  out  of  shape  under  the  influence  of  great  heat.  When 
it  becomes  more  generally  known  it  will  probably  be  put  to  far 
more  extensive  use  than  at  present 

On  the  land  of  Dr.  A.  B.  Irwin,  a  mile  and  a  quarter  west  of 
Farmers,  and  one  mile  from  the  I.  &  V.  Railway,  in  the  west 
half  of  the  northeast  quarter  of  section  36  (9  N.,  5  W.),  outcrops 
of  under-clay,  which  has  been  weathered  down  into  a  good  grade 
of  potters'  clay,  occur  in  ditches  along  the  roadside.  These  expo- 
sures are  on  the  slope  of  a  hill  a  few  hundred  yards  west  of 
the  Irwin  residence.    A  well  near  the  house  shows : 

Section  of  Well  at  Residence  of  A.  B.  Irwin. 

FmH.       Jnehea. 

1.  Soil  and  yellow  clay 11  0 

2.  Sandstone   31  0 

3.  Black  shale   3 

4.  Coal  III  3  4 

5.  Under-clay    ^. 4+ 

The  under-clay  No.  5  is,  where  exposed,  a  very  white  and  plas- 
tic, siliceous  material,  suitable  for  stoneware,  hollow  building 
block,  etc.  It  evidently  underlies  a  large  area  in  the  vicinity,  as 
outcrops  also  occur  on  the  south  and  east  slopes  of  the  hill  or 
upland  tract. 

At  the  Arney  mine,  in  the  northeast  quarter  of  section  9  (9 
N.,  5  W.),  both  coals  IV  and  III  are  mined.  A  gray  clay  shale, 
seven  feet  in  thickness,  overlies  coal  IV,  which  is  here  three  feet 
four  inches  thick,  while  a  gray  siliceous  shale,  11  to  13  feet  thick, 
lies  just  above  coal  III. 

At  the  Berger  mine,  in  the  northwest  quarter  of  section  19, 
both  coals  are  also  worked,  a  section  at  the  shaft  showing  10  to 
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12  feet  of  shale  above  coal  IV  and  18  feet  between  it  and  coal 
m.  These  shales  at  both  mines  could  be  used  profitably  for  clay 
wares  in  connection  with  the  coal  as  fuel,  were  railway  facilities 
present.  The  Berger  mine  is  less  than  one  mile  east  of  the  E.  & 
I.  Railway. 

At  the  air  shaft  of  an  abandoned  mine,  100  yards  west  of  the 
E.  &  I.  Railway,  at  Coal  City,  and  but  a  short  distance  from  the 
Clay  County  line,  is  an  exposure  of  shale  of  good  quality.  This 
exposure  is  in  the  northeast  quarter  of  the  southwest  quarter  of 
section  11  (9  "N.,  6  W.),  a  record  of  the  shaft  showing: 

Section  of  Air  Shaft  near  Qxil  City. 

Feet.       huchet. 

1.  Surface  and  yellow  clay 7  0 

2.  Blue  clayey  shale 28  0 

3.  Coal   III    4  0 

4.  Under-clay    3  0 

On  the  southeast  of  the  southwest  of  the  same  section  a  bore 
was  put  down  94.8  feet  through  the  vein  of  block  coal.  Of  this 
distance  47  feet  was  composed  of  blue  shale  or  soapstone. 

For  a  number  of  years  Mr.  James  F.  Hyatt  operated  at  Coal 
City  one  of  the  largest  ordinary  brick  yards  in  Western  Indiana. 
More  than  three  naillions  per  annum  were  made  for  part  of  the 
time.  The  clay  used  was  the  yellow  surface  clay,  which  is  here 
free  from  lime  and  other  impurities,  and  made  a  strong  and 
lasting  brick,  which  found  a  ready  market  in  many  of  the  towns 
of  the  adjoining  counties.  This  clay  at  the  yard  of  the  old  brick 
factory  lies  directly  over  the  shale  (No.  2)  of  the  above  section, 
and  a  combination  plant  for  making  both  ordinary  and  vitrified 
brick  could  be  operated  which  would  doubtless  prove  a  success. 

Such  are  the  more  available  and  better  known  clay  deposits  of 
Owen  County.  As  already  noted,  not  one  of  these  deposits  was 
being  operated  in  1904.  With  raw  material  of  excellent  quality 
and  fuel  in  close  proximity  for  its  burning  both  present,  this 
condition  is  due  to  both  a  lack  of  energy  and  a  lack  of  transporta- 
tion facilities.  The  officers  of  the  railways  entering  this  region 
have  not  been  far-seeing  enough  to  put  in  spurs,  at  an  expense  of 
a  few  thousand  dollars,  to  the  better  known  deposits.  As  a  result 
the  larger  clay  factories  of  the  State  have  been  located  in  other 
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counties.  Let  us  hope  that  the  owners  of  the  new  railways 
which  will  soon  open  up  the  northern  half  of  Owen  County  will 
show  a  more  progressive  spirit,  and  that  at  least  one,  if  not  half 
a  dozen,  clay  industries  of  large  size  will  soon  be  erected  within 
her  bounds. 

GREENE  COUNTY. 

Lying  near  the  center  of  the  southwestern  quarter  of  the  State 
is  the  county  of  Greene,  comprising  a  rectangle  30  miles  long 
from  east  to  west  by  18  miles  in  width  from  north  to  south.  It 
thus  embodies  an  area  of  540  square  miles,  which  lies  west  of 
Monroe,  south  of  Owen  and  Clay,  east  of  Sullivan  and  north  of 
Knox,  Daviess  and  Martin  counties. 

The  rocks  of  four  different  Geological  Epochs  form  the  surface 
of  the  county,  viz.,  the  Mitchell  limestone  and  Huron  Group  of 
the  Lower  Carboniferous  and  the  Mansfield  sandstone  and  Coal 
Measures  of  the  Carboniferous  Periods.  The  Mitchell  limestone 
comes  to  the  surface  only  over  small  irregular  areas  in  the  north- 
east and  southeast  comers  of  the  county.  The  limestones  and 
sandstones  of  the  Huron  Group  form  the  surface  of  the  greater 
portion  of  the  eastern  half  of  the  county,  being  exposed  every- 
where along  the  streams  which  have  worn  their  way  down 
through  the  softer  overlying  Mansfield  sandstone.  East  of  White 
River  the  latter  formation  occurs  in  very  irregular  isolated  areas 
which  comprise  the  crests  of  the  higher  ridges  and  hills  of  this 
section  of  the  county.  AVest  ofAVhite  River  the  Mansfield  sand- 
stone forms  the  surface  of  two  large  disconnected  areas  which  lie 
adjacent  to  that  stream,  and  are  separated  by  a  narrow  tongue  of 
the  Coal  Measures,  which  extends  east  to  the  river  opposite 
Bloomfield.  The  Coal  Measures  proper  are  practically  limited  to 
the  western  third  of  the  county,  only  three  or  four  small  isolated 
areas  being  found  east  of.  White  River. 

As  already  noted,  the  topography  of  this  portion  of  the  county 
is  very  broken.  The  divides  are  usually  very  narrow,  as  are 
the  stream  channels,  with  steep  slopes  between.  As  White  River 
is  approached  the  topography  becomes  less  broken.  West  of  the 
river  are  extensive  marshlike  prairies,  evidently  filled-up  valleys, 
while  the  divides  between  are  broad  rolls  rising  from  25  to  75 
feet  above  the  level  prairies.    In  the  northwestern  corner  of  the 
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county  the  stream  channels  are  narrow,  with  rather  steep  banks, 
rising  to  narrow  divides. 

The  county  is  divided  into  almost  equal  halves  by  the  West 
Fork  of  White  River,  which  flows  in  a  southwesterly  direction 
across  its  center.  With  the  exception  of  the  northwestern  and 
southeastern  corners,  all  of  the  drainage  is  into  White  Kiver. 
The  main  branches  from  the  east  are  Richland  Creek,  with  its 
tributaries,  Beech  and  Plummers  creeks  and  Doans  Creek, 
while  from  the  west  are  Eel  River,  Latta's,  Beech  and  Black 
creeks.  Indian  Creek,  a  tributary  of  the  East  Fork  of  White 
River,  drains  the  southeastern  corner,  while  the  head  waters  of 
Busseron  Creek  extend  up  into  the  northwestern  corner. 

The  eastern  end  of  the  county  lies  within  the  boundaries  of  the 
driftless  area  of  the  State.  Over  the  uplands  of  the  rest  of  the 
county  the  drift  is  generally  met  with,  though  usually  less  than 
a  score  of  feet  in  depth.  In  the  lowlands  and  prairies  the  depos- 
its are  found  to  be  considerable,  often  over  100  feet  in  depth, 
these  places  evidently  being  old  preglacial  valleys,  which  have 
been  filled  up. 

The  western  half  of  the  county  is  exceptionally  well  supplied 
with  transportation  facilities.  The  Indianapolis  &  Vincennes 
Railway  crosses  this  portion  in  a  southwesterly  direction,  keeping 
west  of  and  in  the  valley  of  White  River.  It  also  sends,  a  branch 
to  the  Linton  coal  field  and  Dugger,  in  Sullivan  County.  The 
Evansville  &  Indianapolis  Railway  runs  north  and  south  across 
the  center  of  the  county,  also  following  the  valley  of  White  River 
for  much  of  the  way.  The  Effingham  Division  of  the  Illinois 
Central,  formerly  the  Illinois  &  Indiana  Railway,  runs  to  Switz 
City  from  the  west,  while  from  the  same  place  the  Switz  City 
branch  of  the  C,  I.  &  L.  Railway  (Monon)  runs  southeast  across 
the  county.  The  Southern  Indiana  extends  from  Elnora  to 
Linton  and  Terre  Haute  across  the  western  third.  Besides  these, 
the  Indianapolis  Southern  is  being  built  from  Switz  City  north- 
eastward, thus  opening  up  a  new  area,  and  one  or  two  other  roads 
or  branches  are  being  planned  to  reach  the  Linton  coal  field. 

The  western  third  of  Greene  County  has,  within  the  past  ten 
years,  developed  into  one  of  the  best  coal-producing  areas  of  the 
State.  The  best  beds  of  shale  and  clay  also  occur  in  this  area, 
being  for  the  most  part  found  west  of  the  main  line  of  the  I.  & 
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V.  Eailway,  which  follows  approximately  the  western  border  of 
the  Mansfield  sandstone.  In  the  eastern  half  of  the  county  the 
sub-conglomerate  coal  I  outcrops  and  is  mined  in  a  number  of 
localities,  but  can  nowhere  be  relied  upon  to  supply  more  than  a 
local  demand.  Beds  of  shale  suitable  for  commercial  purposes 
are  rarely  found  above  coal  I,  but  the  under-clay  beneath  it  is 
oftentimes  of  excellent  quality. 

Townships  6,  7  and  8  North,  Ranges  S  and  U  West. 

This  area  of  216  square  miles  comprises  the  eastern  two-fifths 
of  Greene  County,  embracing  all  of  Beech  Creek,  Center  and 
Jackson  townships  and  the  eastern  half  of  Highland,  Richland 
and  Taylor  townships.  The  Switz  City  Branch  of  the  Monon 
Railway  crosses  the  southern  third  of  the  area,  leaving  the  county 
at  its  southeastern  corner.  The  Indianapolis  Southern  Division 
of  the  Illinois  Central  will  soon  be  completed  from  east  to  west 
through  its  center.  Coal  I,  with  underlying  clay,  occurs  in  scat- 
tered localities  over  the  greater  part  of  the  area,  while  coal  III, 
also  overlying  a  good  imder-clay,  is  found  over  portions  of  the 
three  southwestern  townships. 

On  the  William  Hanson  farm,  in  the  north  half  of  the  south- 
west quarter  of  section  2  (8  N.,  4  W.),  the  semi-block  coal  I 
occurs  30  inches  thick,  with  four  to  five  feet  of  a  good  under- 
clay  beneath.  On  the  James  Barnes  farm,  in  the  southeast  of 
the  southwest  of  the  same  section,  the  coal  is  three  feet  thick 
and  with  four  feet  of  imder-clay  below.  At  both  places  the 
under-clay,  when  weathered  or  properly  washed,  will  make  good 
stoneware  or  hollow  building  block. 

In  the  northwest  of  the  northwest  of  section  21)  (8  N.,  4  W.) 
occurs,  near  the  roadside,  an  exposure  of  blue  to  gray  clayey 
shale,  15  feet  in  thickness,  overlain  with  brownish  flaggy  sand- 
stone. Coal  I  occurs  beneath,  probably  in  sufficient  quantity  to 
burn  the  shale  into  any  one  of  a  number  of  different  kinds  of  clay 
wares. 

On  the  land  of  J.  L.  Sparks,  in  the  east  half  of  the  northwest 
quarter  of  section  6  (7  N.,  *\  AV.),  the  lioriz(m  of  coal  I,  here  four 
to  30  inches  thick,  underlies  tlu^  top  of  the  ridges.  Above  the 
coal  is  eight  to  10  feet  of  bluish  gray  sandy  shale,  while  below  it 
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a  fair  grade  of  under-clay,  three  to  five  feet  in  thickness,  is 
found.  The  shale  is  too  siliceous  for  use  alone,  but  could  be 
mixed  with  the  under-clay  for  brick-making  purposes.  This  point 
is  about  one  mile  north  of  the  survey  of  the  Indianapolis  South- 
em  Railway. 

By  the  roadside,  a  quarter  of  a  mile  east  of  Cincinnati,  in  the 
northeast  quarter  of  section  27  (7  N.,  3  W.),  is  an  exposure  of 
the  under-clay  of  coal  I,  which  has  been  weathered  into  a  good 
grade  of  light  gray,  very  plastic,  powers'  clay.  In  gullies  on  the 
south  side  of  the  road  the  exposure  is  5+  feet  thick,  with  3 J 
feet  of  yellow  clay  above.  The  latter  contains  numerous  small 
nodules  of  iron  carbonate,  which,  by  erosion  of  the  yellow  clay, 
are  left  lying  on  the  stratum  of  potters'  clay.  Good  stoneware, 
hollow  building  block,  terra  cotta  and  other  products  could  be 
made  from  this  potters'  clay,  which  will  be  found  underlying  the 
surface  of  the  ridge  running  northeast  and  southwest,  just  east  of 
Cincinnati. 

Samples  of  a  high-grade  potters'  clay  were  sent  in  to  this  oflSce 
in  1900  from  the  land  of  Mrs.  F.  Weaver,  on  Indian  Creek, 
southeast  of  Cincinnati,  and  about  a  mile  and  a  half  south  of  the 
Old  Virginia  Furnace.  It  is  a  very  light  gray,  gritless  plastic 
material^  which  can  be  used  for  the  best  of  stoneware,  pottery, 
terra  cotta,  encaustic  tile,  hollow  vitrified  wares,  etc.  I  did  not 
have  time  to  visit  the  deposit,  and  was  not  able  to  ascertain  the 
thickness  of  the  clay  nor  the  character  of  the  overlying  strata. 
The  exposure  is  stated  to  be  within  300  yards  of  the  present 
survey  of  the  Indianapolis  Southern  Railway. 

On  the  land  of  A.  J.  Phillips,  in  the  northwest  of  the  north- 
west of  28  (7  N.,  3  W.),  one-half  mile  southeast  of  Tanner  Post- 
office  is  a  14-foot  exposure  of  a  light  gray  sandy  shale.  Mixed 
with  one-quarter  its  bulk  of  a  more  plastic  and  less  siliceous  mate- 
rial, such  as  the  under-clay  of  coal  I,  it  can  be  made  into  vitrified 
wares  of  different  kinds,  but  probably  contains  too  high  a  per- 
centage of  sand  to  work  alone.  The  outcrop  is  along  a  small 
stream  about  one  mile  south  of  the  survey  of  the  Indianapolis 
Southern  Railway. 

By  the  roadside  just  south  of  Ridgeport,  in  the  southwest  quar- 
ter of  section  13  (7  N.,  4  W.),  is  an  exposure  of  the  weathered 
under-clay  of  coal  I,  which  underlies  the  east-west  ridge,  a  third 
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of  a  mile  wide,  on  which  Ridgeport  is  located.  The  outcrop  at 
the  point  mentioned  is  five  to  seven  feet  in  thickness  in  the  gul- 
lies, and  immediately  underlies  a  heavy  ledge  of  grayish  sand- 
stone, coal  I  being  absent.  It  is  a  whitish,  fine-grained,  plastic 
material,  free  from  iron  stains  and  other  impurities,  and  was 
used  for  a  number  of  years  in  a  small  pottery  at  Ridgeport.  The 
principal  outcrop  is  on  the  land  of  Benj.  Holtzclaw,  one  mile 
north  of  the  Indianapolis  Southern  survey. 

At  the  old  Templeton  mine,  on  the  James  Inman  farm,  north- 
west of  southwest  of  20  (7  N.,  4  W.),  coal  III  has  been  mined 
for  35  years  from  a  slope  shaft  which  opens  beneath  a  heavy 
overhanging  cliff  of  sandstone  at  the  head  of  a  deep  ravine. 

A  section  at  the  mouth  of  the  slope  shaft  shows : 

Section  at  Inman  Mine. 

Feet.      Inehet, 

1.  Slope,  concealed  ?  ? 

2.  Flaggy  aandstone -. 4  0 

3.  Sandy  shale  8  0 

4.  Massive  sandstone,  iron  spotted,  cross-bedded....  25  0 

5.  Coal  III 2  10 

6.  Under-clay    5  4 

The  under-clay.  No.  6,  is  a  high-grade  material  of  its  kind, 
being  a  light  gray,  tough  and  very  plastic  clay,  free  from  grit, 
and  suitable  for  hollow  building  block,  flue  linings,  terra  cotta, 
conduits,  and  all  products  of  a  similar  class  such  as  are  made  at 
the  large  factories  about  Brazil,  Ind. 

The  same  grade  of  clay  occurs  beneath  coal  III  on  the  Sher- 
man Allen  farm,  in  the  northeast  quarter  of  section  28  (7  N.,  4 
W.).  The  coal  is  here  32  inches  thick  and,  like  that  at  the  Tem- 
pleton bank,  is  a  semi-block  coal  of  good  quality  for  burning  clay 
wares.  The  under-clay  is  said  to  run  7  to  10  feet  in  thickness, 
and  contains  occasional  fragments  of  fossil  plant  remains.  This 
exposure  is  less  than  a  quarter  of  a  mile  south  of  the  survey  of  the 
Indianapolis  Southern  Railway.  Worked  in  connection  with  the 
coal,  the  under-clay  at  either  the  Templeton  or  Allen  mines  will 
well  justify  the  installing  of  a  large  clay  industry  as  soon  as  the 
railway  furnishes  an  outlet. 

Along  the  roadway  by  the  side  of  the  P.  H.  Fuller  farm,  in 
the  north  half  of  section  26  (7  N.,  4  W.),  is  an  exposure  of  light 
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gray  shale,  15  to  22  feet  in  thickness.  It  evidently  covers  a  large 
area  to  the  north  and  south  of  the  road,  and  has  a  light  cover  of 
surface  clay  above.  From  samples  at  hand  it  is  judged  that  it 
can  be  made  into  sewer  pipe,  paving  brick  and  kindred  products. 
The  point  of  exposure  is  half  a  mile  south  of  the  Indianapolis 
Southern  survey. 

A  bed  of  good  potters'  clay  is  located  on  the  land  of  L.  J.  Fau- 
cett,  northeast  of  southeast  of  section  31  (7  N.,  4  W.),  one-half 
mile  northwest  of  Mineral  City,  and  but  one-eighth  of  a  mile 
from  a  switch  of  the  B.  &  B.  Kailway.  It  is  exposed  by  the  side 
of  a  small  stream,  is  five  feet  in  thickness  and  covered  with  a 
layer  of  soil  four  feet  in  depth.  This  clay  is  grayish  white  in 
color  and  contains  free  silica  in  sufficient  quantities  to  prevent  air 
cracking  when  cooling.  It  has  been  tested  in  a  pottery  at  Worth- 
ington  and  found  in  every  way  suitable  for. the  making  of  the 
better  grades  of  stoneware. 

One-half  mile  south  occurs  an  outcrop  of  shale  in  the  side  of 
a  bluff  of  Plummer's  Creek.  The  strata  exposed  at  this  point  are 
as  follows : 

Section  on  Plummer^s  Creek. 

Feei. 

1.  Soil  and  yellow  clay 10 

2.  Gray  sandy  shale  ', 8 

3.  Sandstone    6 

4.  Soft,   blue,   clayey  shale Sf 

Shale  No.  4  will  make  sewer  pipe  or  paving  brick  of  good 
quality.  No,  2  contains  too  much  sand  to  work  alone,  but  can  be 
mixed  with  the  lower  stratum  and  burned  into  ordinary  or  dry 
.pressed  brick. 

On  a  hillside  just  west  of  Owensboro,  and  a  short  distance 
north  of  the  Bedford  &  Bloomfield  (Monon)  Railway,  in  the 
northeast  quarter  of  section  28  (6  N.,  3  W.),  is  an  outcrop  of  the 
under-clay  of  coal  I,  of  excellent  quality  for  the  making  of  stone- 
ware. It  was  long  used  for  this  purpose  at  the  Reynolds  pottery, 
which  was  located  three  miles  southwest  of  the  deposit.  The  clay 
stratum  is  between  three  and  four  feet  in  thickness,  and  can  be 
reached  by  easy  stripping. 

At  the  east  end  of  the  Little  Monon  tunnel,  northeast  of  south- 
east of  28  (6  ]Sr.,  3  W.),  the  following  section  is  exposed : 
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Section  at  East  End  of  Liiti^  Monon  Tunnel, 

Feet.       /ncJUf. 

1.  Soft,  dark  shale  ' 20  0 

2.  Heavy  sandy  shale  with  sigillaria 4  0 

3.  Bone  coal  1 1  0 

4.  Under-clay    3  0 

5.  Olive   green   shale 3  0 

6.  Soft  dark  drab  clay  shale 12  0 

7.  Shaly  limestone  and  shale 3  0 

Of  the  strata  exposed,  Nos.  1,  4  and  6  can  be  burned  into  a 
variety  of  vitrified  products.  Coal  can  be  cheaply  secured  and 
the  railway  is  on  the  spot. 

On  the  J.  D.  BoruflF  farm,  in  the  southwest  corner  of  section 
22,  coal  I,  18  to  21  inches  thick,  has  nearly  five  feet  of  good 
under-clay  beneath.  At  tlie  John  Rawlins  drift  mine,  in  the 
southeast  quarter  of  29,  coal  I,  18  to  26  inches  thick,  has  a  stra- 
tum of  drab  clay  shale  above  and  five  feet  of  under-clay  beneath. 
Both  shale  and  clay  can  be  utilized  for  clay  wares. 

One-half  mile  north  of  Koleen,  on  the  north  side  of  the  valley 
of  Plummer's  Creek,  is  a  high  hill  or  ridge,  on  the  side  of  which 
several  strata  of  shale  outcrop  above  and  below  the  horizon  of 
coal  I.  These  outcrops  occur  on  the  land  of  R.  C.  Wright,  south- 
east quarter  of  the  northwest  quarter  of  section  2  (6  N.,  4  W.), 
and  are  about  a  half  mile  from  the  B.  &  B.  Railway.  The  shale 
deposits  run  8  to  20  feet  in  thickness,  and  are  of  a  soft  blue, 
clayey  nature,  very  suitable  for  vitrified  wares.  To  be  utilized, 
they  would  have  to  be  mined  from  slope  or  drift  shafts,  as  the 
cover  above  is  too  heavy  to  strip.  Coal  I  outcrops  24  inches 
thick,  of  good  quality,  for  their  burning.  A  spur  from  the  rail- 
way to  the  exposures  could  be  easily  and  cheaply  constructed. 

On  the  land  of  J.  B.  Gibson,  near  Doans,  in  section  23  (6  N., 
4  W.),  are  exposures  of  a  blue  clayey  shale  along  a  small  stream- 
These  have  proven  by  digging  to  be  ten  or  more  feet  thick,  with 
3  to  15  feet  of  cover  above.  When  weathered  it  forms  a  tough, 
plastic  clay,  which  will  be  found  suitable  for  vitrified  wares. 

In  the  southwest  quarter  of  section  16  (6  N.,  4  W.),  several 
drifts  have  been  opened  on  Simon  Eisenogle's  place.  Coal  III  is 
here  from  30  to  40  inches  thick,  with  a  3-inch  clay  band  near  the 
middle,  while  below  the  coal  is  10  feet  of  under-clay  of  good 
quality  for  many  kinds  of  wares. 
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At  the  Alvin  Philips  mine,  southwest  quarter  section  21,  coal 
HI  is  worked  by  a  shaft  and  by  slopes.  At  the  shaft  the  coal  is 
16  feet  deep.    A  section  at  the  shaft  shows: 

Section  at  Philips  Mine. 

Feet,       iiie&M. 

1.  Surface  clay    8  0 

2.  Blue  to  gray  shale 8  0 

3.  Coal  III   2  6 

4.  Shale    0  4 

5.  Coal   III 1  0 

6.  Under-clay    5f  0 

The  shale  No.  2  and  th6  under-clay  could  both  be  worked  prof- 
itably in  connection  with  the  coal  as  fuel. 

In  the  southwest  quarter  of  section  36  the  under-clay  below 
coal  III  is  five  feet  thick,  while  at  the  M.  A.  Porter  bank,  in  the 
southeast  quarter,  it  is  four  feet  five  inches,  with  three  feet  of 
coal  above  it. 

The  above  clay  deposits  were  all  that  my  limited  time  allowed 
me  to  visit  in  Greene  County,  east  of  White  River.  Kaolin,  sim- 
ilar to  that  found  in  Lawrence  and  Martin  counties,  is  reported 
to  outcrop  on  the  land  of  James  Sullivan,  in  Beech  Creek  Town- 
ship, southeast  of  northeast  of  section  10  (7  N.,  3  W.),  and  on 
that  of  W.  R.  Arthur,  near  Newark.  Th^  extent  and  thickness 
of  these  beds  have  not  as  yet  been  investigated. 

The  under-clay  below  coal  III,  wherever  the  latter  occurs,  is 
the  best  raw  clay  material  in  eastern  Greene  County.  By  itself 
it  will  not  make  good  paving  brick,  but  can  be  made  into  a  good 
quality  of  sewer  pipe  and  hollow  wares.  The  imder-clay  of  coal 
I  is  better  suited  for  stoneware  or  potters'  uses.  The  shales  of 
this  area  are  of  rather  poor  quality,  being  for  the  most  part  too 
siliceous  to  use  alone.  Combined  with  either  of  the  above  under- 
clays,  they  can,  however,  be  made  into  ordinary,  dry-pressed  or 
vitrified  brick. 

Township  8  North,  Ranges  5,  6  and  7  West. 

This  area  comprises  108  square  miles,  extending  from  White 
River  westward  along  the  northern  boimdary  of  the  county,  and 
embracing  the  civil  townsliips  of  Eel  River,  Smith  and  Wright. 
Coals  III  and  IV,  with  their  accompanying  shale  and  under-clay 
deposits,  cover  the  greater  part  of  the  eastern  two-thirds  of  this 
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area,  while  coal  V  occurs  near  the  surface  in  most  of  Wright 
Township.  The  E.  &  I.  and  I.  &  V.  Railways  run  through  8 
north,  5  west,  and  the  S.  I.  through  the  western  third  of  8  north, 
7  west,  the  interval  being  without  railway  facilities. 

West  and  northwest  of  Worthington,  in  8  north,  5  west,  are 
many  outcrops  of  shales  and  under-clays.  A  pottery  was  operated 
on  a  small  scale  in  that  town  for  more  than  25  years.  The  clay 
was  mostly  obtained  from  the  land  of  Mark  Hays,  three  miles 
west  of  Worthington.  The  stratum,  occurring  beneath  an  out- 
crop of  coal  I,  was  but  two  and  a  half  feet  in  thickness,  and 
required  much  washing  to  remove  the  impurities.  A  better 
quality  of  potters'  clay  is  found  on  the  land  of  H.  S.  Shouse, 

« 

section  12  (8  N.,  6  W.),  where  it  occurs  in  quantity. 

At  the  plant  of  the  Worthington  Brick  &  Tile  Co.,  a  mile  and 
a  half  west  of  Worthington,  a  surface  clay  six  feet  in  thickness  is 
used  without  stripping  for  making  ordinary  building  brick  and 
drain  tile,  the  value  of  the  output  in  1904  being  $1,700. 

Northwest  of  Worthington  coal  from  two  to  two  and  a  half 
feet  in  thickness  has  been  passed  through  in  digging  many  wells. 
Below  this  is  a  vein  of  under-clay  three  to  four  and  a  half  feet 
in  thickness,  which  is  suitable  for  terra  cotta  and  kindred  uses. 
In  most  places  this  merges  into  a  fine-grained  shaly  sandstone. 

In  the  northeast  of  the  southwest  of  section  7  (8  N.,  5  W.), 
coal  IV  is  worked  on  the  Henry  Watts  place.  The  coal  runs 
from  34  to  36  inches,  and  is  a  block  coal,  with  clay  slips.  The 
roof  is  gray  clay  shale,  30  feet  thick.  Below  the  coal  is  three 
or  more  feet  of  under-clav. 

In  a  well  on  the  Darnell  farm,  in  the  southwest  quarter  of  sec- 
tion 10  (8  N.,  6  W.),  28  feet  of  blue  clay  shale,  overlain  with  14 
feet  of  soil,  were  noted  above  coal  IV,  with  three  feet  of  under- 
clay  beneath  the  coal. 

A  seam  of  coal  on  tlie  land  of  Mrs.  S.  J.  Fuller,  southwest  of 
northwest  of  section  12  (8  N.,  6  W.),  was  being  mined  by  strip- 
ping, the  following  section  being  exposed : 

Section  on  Fuller  Fann. 

Fett.       Inches . 

1.  SoU  and  surface  clay 4  0 

2.  Drab  clayey  shale  4  0 

3.  Coal  IV   2  2 

4.  Under-clay 3+  0 
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Nos.  2  and  4  are  both  free  from  grit  and  above  the  average 
in  quality.  The  location,  however,  is  too  distant  from  transporta- 
tion to  allow  them  to  be  of  present  value. 

On  the  land  of  Leander  Manors,  northwest  quarter  of  section 
25  (8  N.,  6  W.),  two  and  a  half  miles  southwest  of  Worthington 
and  two  miles  west  of  both  the  I.  &  V.  and  the  E.  &  I.  Railways, 
coal  IV  is  mined  by  a  slope  shaft.  A  section  at  the  mouth  of  the 
slope  showed: 

Section  on  Maner*8  Land. 

Fe€t,       /ncAct. 

1.  Soil  and  surface  clay 4  0 

2.  Drab  to  blue  clayey  shale 7  0 

.  3.    Coal  IV  3  0 

4.    Under-clay    5f         0 

The  under-clay  is  a  soft,  unctuous  material,  free  from  grit, 
and  will  bum  into  vitrified  wares  of  good  quality.  It  underlies 
a  large  area  to  the  north  and  west  of  the  mine  and  outcrops  a 
quarter  of  a  mile  northeast.  On  the  higher  land  it  will  probably 
run  up  to  16  feet  or  more  in  thickness.  The  under-clay  is  a  dark 
gray  siliceous  material,  with  an  occasional  scale  of  mica  visible. 
It  will  probably  run  top  high  in  silica  to  make  sewer  pipe  or  hol- 
low block,  but  when  mixed  with  the  overlying  shale  can  be  used 
for  such  products.  It  would,  from  appearance,  burn  into  fire- 
brick, flue  linings  and  other  refractory  wares.  The  coal  mined 
at  this  point  is  a  good  block  coal,  suitable  for  burning  all  kinds  of 
clay  wares. 

One-sixth  mile  southwest  of  Manors'  bank,  in  the  southwest 
quarter  of  25,  is  the  slope  shaft  of  R.  H.  Talley,  where  the  same 
stratum  of  coal  is  mined.  Here  the  shale  deposit  above  the  coal 
is  ten  feet  thick  and  the  under-clay  five  or  more  feet  in  thick- 
ness, the  latter  being  more  plastic  and  less  siliceous  than  at  the 
Manors  bank.  A  spur  from  the  I.  &  V.  or  E.  &  I.  railways 
could  be  readily  put  into  either  of  these  deposits,  and  all  the  facil- 
ities for  a  good  clay  industry  would  then  be  present. 

On  the  W.  J.  Bonham  farm,  in  the  northeast  of  the  southeast 
of  16  (8  X.,  7  W.),  Wright  Township,  coal  V,  two  and  a  half  feet 
in  thickness,  has  beneath  it  six  or  more  feet  of  a  good  quality  of 
under-clay.  Along  a  branch  in  the  south  half  of  18  (8  N.,  7  W.), 
coal  V  and  its  underlying  clay  outcrops  in  a  number  of  places. 
On  the  Louis  Critchfield  farm,  in  the  southeast  of  the  southeast 
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of  the  section,  the  coal  is  about  six  feet  thick  and  has  nearly  ten 
feet  of  under-clay  below  it.  The  under-clay  at  both  of  the  above 
localities  can  be  made  into  many  kinds  of  clay  wares. 

At  the  Uffelman  shaft,  in  the  northwest  quarter  of  section  25 
(8  X.,  7  W.),  the  following  strata  are  exposed : 

Section  at  Uffelman  Shaft. 

Feet,       Inches,       Feet,        Inehee, 

1.  Soft  blue  clayey  shale 18  0  18  0 

2.  Coal  IV   2  6  20  6 

3.  Sandstone    14  0  34  6 

4.  Drab  or  blue  clay  shale 10  0  44  6 

5.  Black  shale   9  0  53  G 

G.  Coal  in    3  0  5G  6 

7.  Under-clay    1  C  58  0 

Of  the  section,  Nos.  1,  4  and  7,  aggregating  20  feet,  are  suit- 
able for  vitrified  products. 

Township  7  North,  Ranges  5,  6  and  7  West, 

In  this  area  of  108  square  miles  are  situated  the  cities  of 
Bloomfield,  Switz  City  and  Linton,  and  some  of  the  largest  and 
most  productive  bitmninous  coal  mines  of  the  State.  All  the 
coals  from  I  to  VI  are  represented,  but  for  the  most  part  the 
shales  and  under-clays  accompanying  them  seem  not  so  suitable 
for  manufacturing  as  in  some  of  the  counties  to  the  northward. 

Township  7  north,  5  west,  is  divided  by  White  River  into 
nearly  equal  halves.  East  of  the  river  and  north  of  Bloomfield 
occurs  coal  III,  in  the  upper  part  of  the  ridges.  The  under-clay 
below  it  is  of  excellent  quality  for  many  products,  being  of  the 
same  character  as  at  the  Templeton  bank,  east  of  Bloomfield.  At 
the  old  Iron's  mine,  in  the  northwest  quarter  of  25  (7  N.,  5  W.), 
coal  I,  two  feet  thick,  is  directly  overlain  with  two  feet  of  blue 
and  ten  feet  of  drab  to  yellow  shale  of  workable  quality.  The 
under-clay  of  the  coal,  as  elsewhere  below  the  same  vein,  when 
properly  washed,  can  be  made  into  a  good  grade  of  stoneware. 

West  of  the  river,  in  sections  4  and  5,  there  is  quite  an  area  of 
high  land,  underlain  with  coal  III.  On  the  Virgil  Crance  farm, 
in  the  northeast  of  the  northwest  of  section  4,  this  coal  was  for- 
merly mined  to  sonie  extent.  A  section  pi  the  old  shaft  on  the 
slope  of  a  ravine  shows : 
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Section  on  Crance  Farm. 

Feet.       Jfnehee, 

1.  Soil  and  yellow  clay' 5  0 

2.  Black  bituminous  sheety  shale 3  6 

3.  Coal   III    • :• 2  10 

4.  Under-clay    5+  0 

The  point  of  outcrop  is  three  and  a  half  miles  south  of  Worth- 
ington  and  three-quarters  of  a  mile  east  of  the  E.  &  I.  Railway. 
The  under-<5lay  is  of  a  light  gray  hue,  and  contains  traces  of  fossil 
plant  remains.  An  analysis  of  a  sample  of  it  was  made  for  this 
report  by  Dr.  Noyes,  and  its  chemical  Composition  found  to  be 
as  follows: 

AncUysis  of  Under-clay  Beneath  Coal  HI,  on  Crance  Land,  South  of  WorthingUm. 

Silica  (SiO^    73.82 

Titanium  oxide  (TiOJ  60 

Alumina  (Al,Oa)  14.46 

CJombined  water  (H3O) 3.82 

Clay  base  and  sand 92.70 

Ferric  oxide  (Fe,Oa) 83 

Ferrous  oxide  (FeO) 1.95 

Calcium  oxide  (CaO)  » 30 

Magnesium  oxide  (MgO) 58 

Potash  (K,0) 2.07 

Soda  (Na,0)   30 

Fluxes   6.03 

Carbon  dioxide  (CO,) .94 

Total    99.67 

The  analysis  of  the  Crance  clay  shows  a  refractory  under-clay, 
suitable  for  sewer  pipe,  terra  cotta,  flue  linings,  etc.  Its  composi- 
tion is  very  similar  to  that  of  an  under-clay  used  in  a  large  sewer 
pipe  factory  at  Walker's  Station,  Ohio,  which  showed  the  pres- 
ence of : 

Clay  base  and  sand 92.54 

Fluxes    6.94 

The  Crance  deposit  is  at  present  inaccessible,  but  the  analysis 
may  be  taken  as  showing  a  close  approximation  to  the  average 
composition  of  the  under-clay  beneath  coal  III,  in  eastern  Greene 
County. 

At  Switz  City,  the  junction  of  the  L  &  V.,  B.  &  B.  and  I.  C. 
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Railways,  there  is  found,  about  three  feet  below  the  surface,  a 
thick  stratum  of  tough,  blue  drift  clay,  which  makes  a  most  excel- 
lent drain  tile.  A  factory  for  their  production  has  been  in  opera- 
tion for  16  years.  At  the  pit  just  north  of  the 'plant  the  blue  clay 
has  been  excavated  to  a  depth  of  12  feet,  and  the  deeper  the  clay 
the  better  the  tile.  Below  the  blue  clay,  at  a  depth  of  14  feet 
from  the  surface,  there  occurs  a  thick  stratum  of  soft  blue,  clayey 
shale.  Samples  of  this  have  been  mixed  with  the  overlying  clay. 
The  resulting  tile  were  tougher,  of  a  better  color,  and  easier 
burned  than  those  made  of  the  upper  stratum  alone. 
A  bore  sunk  for  coal  in  the  edge  of  Switz  City  showed : 

Section  of  Bore  at  Switz  City, 

Feet*       iHchet. 

1.  Soil  and  clay  4 

2.  Drab  sandy  shale   8  2 

3.  Soft  dark  clayey  shale 8  4 

4.  Coal  IV  3  1 

5.  Under-clay    5  6 

G.  Dark  sandstone    8 

7.  Blue  clay  shale  13  8 

8.  Coal  III?   4 

9.  Dark  gray  under-clay 7  5 

10.  Blue  shale   6  8 

11.  Coal    6 

12.  Under-clay    ^  10 

13.  Gray  clay  shale  10  6 

14.  Blue  clay  shale   8  6 

Of  a  total  of  85^  feet  we  have  here  69  feet  of  clay  working 
materials,  which  can  be  made  into  many  different  products. 
Combined  with  them  we  have  three  feet  of  block  coal  IV,  one  of 
the  best  clay  burning  fuels  in  the  State.  Three  railways  are 
already  at  hand,  and  a  fourth  being  built.  With  this  combina- 
tion Switz  City  offers  especial  attractions  for  clay  working  indus- 
tries. 

Two  miles  east  of  Switz  City,  in  the  southeast  quarter  section 
13  (7  N.,  5  W.),  is  the  mine  of  John  W.  Bennet.  A  section  it 
the  slope  shaft  shows : 

Section  at  Bennett  Mine. 

Feet.       Inchet. 

1.  Soil  and  yellow  clay 3  6 

2.  Gray  sandy  shale 7  6 

3.  Soft  blue  clayey  shale 10  0 

4.  Coal  III  2  10 

5.  Under-clay    6  0 
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The  upper  shale,  No.  2,  is  too  sandy  to  work  by  itself,  but  can 
be  mixed  with  No.  3  for  many  products.  The  latter  is  a  soft, 
gritless  material,  suitable  for  hollow  vitrified  wares.  The  coal  is 
a  semi-block  of  good  quality,  while  the  under-clay  is  quite  similar 
to  that  at  the  Templeton  mine,  east  of  Bloomfield.  These  shales, 
with  the  underlying  coal  at  a  depth  of  between  20  and  25  feet, 
will  be  found  over  a  tract  of  several  hundred  acres  in  this  vicinity. 
This  tract  lies  just  west  of  and  adjacent  to  the  lowlands  of  White 
Biver.  The  Bennett  mine  is  about  midway  between  and  one ' 
and  a  half  miles  distant  from  the  I.  &  V.  and  E.  &  I.  Kailways. 

A  blue  shale  lies  close  to  the  surface  over  a  large  portion  of 
township  7  north,  6  west.  In  a  well  on  the  William  Parish  farm, 
in  section  7,  it  is  18  feet  thick,  with  24  feet  of  yellow  clay  and 
sandstone  above ;  in  another  well  on  the  J.  D.  Spencer  farm,  in 
the  northeast  of  15,  it  was  37  feet  thick,  with  9  feet  of  cover; 
while  in  a  third  well  on  the  W.  H.  Robertson  land^  northeast  of 
southeast  of  16,  it  was  25  feet  thick,  and  overlain  with  10  feet  of 
soil  and  clay.  Below  the  shale  is  usually  a  thin  vein  of  coal,  with 
a  stratum  of  under-clay,  four  to  six  feet  in  thickness,  beneath. 
This  under-clay  is  free  from  visible  impurities,  and  while  not  of 
high  refractory  grade,  it  will  make  excellent  sewer  pipe  or  terra 
cotta. 

Linton,  a  city  of  6,000  population,  situated  in  township  7  north, 
7  west,  near  the  western  border  of  Greene  County,  is  one  of  the 
more  important  mining  centers  of  Indiana.  The  coal  veins  found 
near  there  range  from  four  to  six  feet  in  workable  thickness,  and 
the  output  ranks  in  quality  among  the  best  bituminous.  The 
shales  overlying  the  coal  seams  in  the  vicinity  of  Linton  are,  for 
the  most  part,  too  far  beneath  the  surface  to  allow  them  to  be 
obtained  by  stripping.  As  a  consequence  no  use  has  heretofore 
>been  made  of  them. 

The  following  section  of  the  shaft  of-  the  South  Linton  Coal 
Company,  located  in  the  northwest  quarter  of  section  26  (7  N., 
7  W.),  may  be  taken  as  representing  the  average  sequence  of  the 
strata  through  the  worked  seam  of  coal  IV  in  the  region  about  . 
Linton : 
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Section  of  Soulh  Linton  Shaft 

Feet,      Inches,       Feet.      I%ehe9, 

1.  Surface  and  yellow  clay 10         0  10         0 

2.  Gray  sandy  shale 12        .0  22  0 

3.  Gray  clayey  shale  merging  into  black 

shale    23  0  45  0 

4.  Coal  IVb   0  8  45  8 

5.  Under-clay    '. .     3  0  48  8 

G.  Sandstone 20  0  68  8        * 

7.  Blue   clayey  shale 9  0  76  8 

8.  Dark  blue  clayey  shale 17  0  94  8 

9.  Coal  IV    5  0  99  8 

10.  Hard  gray  sandy. under-clay 0  0  99  8 

Of  these  No.  2  is  too  siliceous  for  use.  Under-clay  No.  5  is  of 
good  quality,  but  the  seam  of  coal  above  is  too  thin  for  working 
in  connection  with  it.  The  clay  will,  therefore,  probably  never  be 
utilized. 

The  shales  (Nos.  7  and  8)  comprise  26  feet  of  material  in  every 
way  suitable  for  manufacturing  purposes.  No.  7  is  a  soft,  unctu- 
ous, fine-grained  deposit,  resembling  many  of  the  under-clays  in 
general  appearance.  It  is  free  from  sulphur  and  iron  concre- 
tions and  is  the  more  valuable  of  the  two.  Having  above  it  a 
good  sandstone  roof  and  below  it  a  bottom  of  shale,  it  could  be 
readily  and  easily  mined,  if  occasion  should  arise  to  take  it  out 
by  itself. 

No.  8  is  darker,  harder  and  more  compact.  It  forms  the  roof 
of  the  worked  seam  of  coal,  and,  where  exposed  to  air  in  the  en- 
tries, it  has,  like  all  shales,  a  tendency  to  crumble  and  fall.  Much 
of  it,  therefore,  must,  in  the  older  mines,  be  handled,  and  either 
stored  in  worked-out  areas  or  raised  and  thrown  on  the  dump. 
This  being  the  case,  and  the  fuel  and  railway  facilities  both 
being  present,  a  factory  at  Linton  for  making  these  shales  into 
vitrified  products  would,  without  doubt,  prove  a  paying  invest- 
ment. An  analysis  of  a  specimen  of  No.  8  shale,  taken  from  the 
dump  at  the  shaft  No.  1  of  the  Island  Coal  Company,  showed 
the  following  composition: 

Analysis  of  No.  8  Shale  from  Mine.  No.  1  of  Island  Coal  Co, 

Silica  (SiO:J    55.31 

Titanium  oxide  (TiOJ 1.15 

Alumina  (A1,0,)  .- 22.46 

Combined  water  (H,0) 7.48 

Clay  base  and  sand   86.40 


CLAYS  OF  OBEENE  COUHTt.  289 

Ferric  oxide   (Fe,0«) 7.18 

Ferrous  oxide  (FeO) 23 

Lime  (CaO) 66 

Magnesia  (MgO)   93 

Potash  (K,0) 2.05 

Soda  (Na,0)    2.06 

Fluxes .    13.11 

Carl)on  dioxide  (CO^ 1.24 

Total    , : 100.75 

This  shows  a  close  approxiinalion  to  the  standard  average  com- 
position of  shales  used  for  vitrified  products,  and  proves  the  chem- 
ical fitness  of  the  shale  overlying  coal  IV  for  such  products. 

The  undfer-clay  (No.  10)  below  the  worked  seam  of  coal  is,  in 
most  places,  very  thin,  and  soon  merges  into  a  hard,  compact 
sandrock.  At  the  South  Linton  mine  the  coal  lies  directly  upon 
the  sandstone,  which  is  so  hard  that  the  miners  have  much  diffi- 
culty in  sinking  their  sumps  and  the  holes  for  the  placing  of  the 
roof  props. 

Township  6  North,  Ranges  5,  6  and  7  West. 

This  area  comprises  108  square  miles  along  the  southern  bor- 
der of  Greene  County,  being  included  in  the  western  half  of  Tay- 
lor a»nd  all  of  Wasliington  and  Stafford  townships.  But  little  coal 
is  found  in  5  and  6  west,  a  large  portion  of  their  area  either  being 
overlain  with  Mansfield  sandstone  or  comprising  the  annually 
overflowed  bottom  land  of  White  River. 

Wherever  coal  I  occurs  in  6  north,  5  west,  it  overlies  three  to 
five  feet  of  a  soft,  light  gray  under-clay.  In  places  where  the 
coal  has  been  eroded  or  removed  and  the  under-clay  left  it  has 
been  weathered  to  a  potters'  clay,  suitable  for  stoneware  and 
hollow  products.  Thus  the  under-clay  is  known  to  occur  four 
feet  thick  in  the  northeast  of  the  southeast  of  section  1,  in  the 
northwest  of  2,  in  the  northwest  of  11,  in  the  southwest  of  13  and 
in  the  northeast  of  22. 

Coal  III,  with  its  characteristic  under-clay,  occurs  in  sections 
19,  20,  21,  28,  29,  30,  31  and  32,  in  the  southwestern  corner  of 
6  north,  5  west.  One  mile  northeast  of  Newberry,  in  the  south- 
east corner  of  19,  close  to  the  E.  &  I.  Railway,  the  following 
section  is  exposed : 
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Section  Nartheaat  of  Newberry.  • 

Feti,       Inehe», 

1.  Yellow  shale   G  0 

2.  Coal  III   1  0 

3.  Gray  saudy  under-clay 3  0 

4.  Black  shale   17  0 

5.  Ferruginous  sandstone   2  0 

6.  Shelly   sandstone   1  6 

7.  Gray  and  black  shale 24  0 

Nos.  1,  3  and  part  of  7  can  be  utilized  for  clay  products.  Just 
south  of  the  railroad,  on  the  central  north  and  south  line  of  sec- 
tion 30,  40  feet  of  yellow  and  gray  shale  show  above  the  railway 
grade  and  15  feet  of  black  shale  below. 

At  the  Woodhouse  shaft,  in  the  southwest  of  the  northeast  of 
30,  five  feet  of  yellow  and  22  feet  of  dark  blue  clayey  shale  over- 
lie coal  III,  here  two  feet  four  inches  thick,  with  under-clay 
beneath.    This  is  two-thirds  of  a  mile  southeast  of  the  railway. 

The  main  part  of  6  north,  6  west,  is  marsh  land  or  overflowed 
river  bottoms.  In  the  suburbs  of  Lyons,  in  the  northeast  of  the 
northwest  of  section  4,  a  shaft  105  feet  deep  was  sunk  to  coal  I. 
The  coal  proved  to  be  but  two  feet  three  inches  thick,  but  had 
six  feet  of  under-clay  beneath,  which,  from  practical  tests,  would 
make  a  good  fire  brick. 

Mr.  W.  II.  Mayhead,  of  Lyons,  sent  in  a  large  sample  of  pink- 
ish to  gray  fine-grained  gritless  clay,  taken  from  a  well  a  mile  and 
a  half  south  of  Lyons  and  about  a  half  mile  east  from  the  I.  &  V. 
Railway.  He  states  that  the  bed  of  clay  is  15  feet  in  thickness, 
with  seven  or  eight  feet  of  soil  and  surface  clay  above.  It  resem- 
bles very  closely  a  plastic  clay  of  similar  character  found  near 
Freedom,  Owen  County,*  which  has  been  used  iBxtensively  for 
terra  cotta  and  encaustic  tile. .  It  is  a  high-grade  clay,  which, 
with  less  cover,  could  be  made  available  for  many  products. 

At  Bushrod,  a  station  on  the  I.  &  V.  Railway,  in  the  west  half 
of  section  8,  is  a  brick  and  tile  factory,  operated  by  C.  W. 
Baughn.  The  pit  from  which  he  secures  his  clay  shows  the  fol- 
lowing strata : 

Section  of  Clay  Pit  at  Bmhrod, 

Feet, 

1.  Black  mucky  soil  1 

2.  Blue  alluvial  clay  : 13 

3.  Light  gray  marly  clay lOf 


*  See  p.  221. 
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In  the  making  of  tile,  about  four  feet  of  a  mixture  of  Nos.  1 
and  2  are  used,  the  mixture  burning  to  a  cherry  red  hue  and 
forming  a  close-grained,  strong-bodied  tile.  The  blue  alluvial 
clay  contains  particles  of  iron  oxide  mixed  with  it,  but  not  in 
sufficient  quantity  to  be  harmful. 

Stratum  No.  3  bums  into  a  cream-colored  product  of  high 
grade.  The  raw  clay  probably  contains  20  to  30  per  cent,  of  car- 
bonate of  lime.  It  will  make  a  durable  building  brick,  and, 
mixed  with  one-fourth  its  bulk  of  sawdust  and  then  burned,  will 
make  terra  cotta  lumber  for  wall  and  partition  purposes.  There 
is  a  large  demand  for  this  kind  of  clay  ware,  and  factories  are  in 
operation  in  Indiana  only  in  Newton  and  Lake  counties.*  The 
deposits  of  clays  mentioned  are  known  to  cover  an  area  of  several 
square  miles  in  the  immediate  vicinity  of  Bushrod. 

In  Stafford  Township  (6  N.,  7  W.),  but  little  coal  has  been 
mined,  and  therefore  not  much  is  known  of  the  underlying  clays. 
At  the  Combs  shaft,  in  the  northwest  of  the  northwest  of  section 
1,  from  15  to  17  feet  of  soft  blue  shale  occurs  beneath  10  feet  of 
soil  and  yellow  clay.  Below  the  Shale  is  coal  IV,  four  and  a  half 
to  six  feet  thick.  The  under-clay  below  the  coal  is  of  little  value, 
but  the  overlying  shale  could  be  burned  into  many  kinds  of  wares. 

On  the  Hunter  Bros,  farm,  three-fourths  of  a  mile  west  of 
Marco,  a  station  on  the  I.  &  V.  Railway,  northwest  of  northeast 
of  26,  a  shaft  recently  sunk  to  coal  showed  the 'following  strata 
above  the  second  thin  vein  of  coal  encountered : 


Section  on  Land  of  Hunter  Bros.,  near  Marco. 

Feet.  inehea, 

1.  Soil  and  surface  clay 14  0 

2.  Yellow  sandstone  5  0 

3.  Gray  clay  shale 13  0 

4.  Gray  sandy  shale 5  10 

5.  Coal    0  6 

6.  Light  gray  sandstone  17  0 

7.  Gray  clay  shale   8  0 

8.  Gray  sandy  shale 5  0 

9.  Black  sheety  shale   4  6 

10.  Coal  V  1  4 

11.  Soft  light  gray  under-clay 5  0 

^For  an  aoooantlof  the  making  of  this  ware  see  subsequent  pages  under  Clays  of  New- 
ton and  Lake  counties. 

16— Geology. 
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The  shales  Nos.  3  and  7  and  the  imder-clay  No.  11  are  good 
clay-making  materials.  The  imder-clay  is  one  of  the  best  in  this 
section  of  the  State,  and  can  be  made  into  terra  cotta,  hollow 
brick,  roofing  tile,  encaustic  tile  and  many  high-grade  clay  prod- 
ucts. Coal  IV,  worked  at  a  depth  of  85  feet,  is  three  feet  one 
inch  in  thickness. 

With  the  exception  of  three  or  four  small  brick  and  tile  facto- 
ries, which  use  surface  clays  only,  the  clay-working  industry  has 
been  wholly  neglected  in  Greene  County.  From  what  has  been 
written,  it  will  be  seen  that  all  parts  of  the  county  contain  depos- 
its of  under-clay  of  good  quality  and  thickness,  and  usually  over- 
lain with  coals  sufficient  for  their  burning.  In  many  places  depos- 
its of  shale  which  are  of  workable*  value  also  occur  above  the 
coal.  Transportation  facilities  are  excellent.  It  would  seem, 
therefore,  that  persons  seeking  investment  for  capital  could  find 
within  the  county  a  number  of  sites  for  large  clay  industries, 
which  would,  under  proper  management,  prove  successful  from 
the  start. 

SULLIVAN  COUNTY. 

Lying  on  the  western  border  and  south  of  the  center  of  the 
State  is  Sullivan,  a  county  whose  mining  interests  have,  in  recent 
years,  become  of  great  importance.  It  is  bounded  on  the  north 
by  Vigo  County,  on  the  west  by  the  Wabash  River,  on  the  south 
by  Knox  and  on  the  east  by  Greene  and  Clay  counties.  In  shape 
it  is  rectangular,  with  an  irregular  western  border,  due  to  the 
meanderings  of  the  Wabash.  Its  length  from  north  to  south  is 
24  miles,  and  its  average  width  about  18  miles,  its  area  compris- 
ing 443  square  miles. 

But  one  geological  epoch,  the  Coal  Measures  of  the  Carbonif- 
erous Period,  is  represented  in  the  rocks  forming  the  surface  of 
the  county.  These  Coal  Measures  are  everywhere,  except  along 
the  streams,  covered  with  drift  or  loess  to  a  depth  of  10  to  50  or 
more  feet.  The  eastern  part  of  the  county  is  broken,  and  the 
soil,  except  the  low  grounds  near  streams,  is  comparatively  poor. 
The  western  two-thirds  is  for  the  most  part  level  prairie,  or  river 
terrace,  and  possesses  a  much  richer  soil.  The  western  half  of 
the  county,  except  to  the  south,  drains  directly,  to  the  Wabash  by 
Prairie,  Turman's  and  Turtle  creeks.     Busseron  Creek,  which 
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flows  southwest  diagonally  across  the  county,  drains  the  remain- 
der, except  a  small  area  in  the  southeastern  corner,  part  of  which 
drains  to  White  Kiver  and  part  to  the  AVabash  by  way  of  Maria 
Creek. 

The  railway  facilities  are  good  in  the  eastern  portion,  but  are 
lacking  in  the  northwestern  third.  The  E.  &  T.  H.  runs  north 
and  south  through  the  county  a  little  east  of  the  center.  The 
EiBngham-Switz  City  Division  of  the  Illinois  Central  crosses  from 
east  to  west  near  the  center,  while  spurs  from  the  Southern 
Indiana,  the  Monon,  the  I.  &  V.  and  the  E.  &  T.  H.  permeate 
all  portions  of  the  coal-bearing  area  east  and  northeast  of  Sulli- 
van. 

Three  coal  veins,  viz.,  VII,  VI  and  V,  of  workable  thickness, 
are  mined  at  many  points  in  the  eastern  half  of  the  county.  The 
main  line  of  the  E.,  &  T.  H.  Eailway  marks,  approximately,  the 
western  limit  of  mining  operations,  as  west  of  that  railway  the 
thicker  veins  of  coal  are  f6und  at  too  great  a  depth  to  allow  of 
profitable  working.  The  principal  exposures  of  shales  and  under- 
clays  are,  therefore,  east  and  northeast  of  Sullivan,  the  county 
seat,  which  is  located  in  almost  the  geographical  center  of  the 
county. 

Township  9  North,  Ranges  8,  9  and  10  W^st, 

Over  the  eastern  half  of  this  area  of  108  square  miles  coals 
Vn,  Vr  and  V  form  the  surface,  coal  VII,  with  its  overlying 
shales,  occurring  in  the  eastern  half  of  Curry  Township  (9  N.,  9 
W.),  and  the  western  third  of  Jackson  (9  N.,  8  W.),  while  VI  and 

V  cover  only  the  eastern  two-thirds  of  Jackson,  their  area  being 
about  equal.  The  roof  of  coal  VII  is  either  a  shale  or  a  sand- 
stone. When  the  former  it  is  usually  a  good  workable  material. 
The  floor  of  VII  in  this  area  is  in  general  an  under-clay  six  to 
seven  feet  in  thickness,  with  limestone  below.     The  roof  of  coal 

VI  is  usually  a  blue,  clayey  shale  of  good^quality,  which  runs, 
normally,  10  to  15  feet  in  thickness. 

At  the  water  station,  where  the  Southern  Indiana  Railway 
crosses  a  branch  of  Busseron  Creek,  one  mile  south  of  Lewis,  in 
the  extreme  northeastern  corner  of  Sullivan  County,  southeast 
quarter  section  1  (9  N".,  8  W.),  there  is  an  eight-foot  exposure  of 
drab  to  blue  clayey  shale,   evidently   that  overlying   coal  VI. 
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Above  the  shale  is  five  to  seven  feet  of  yellow  surface  clay.  A 
mixture  of  the  clay  and  shale  can  be  used  in  the  making  of  pav- 
ing brick,  sewer  pipe  and  other  vitrified  products.  The  shale  out- 
crops in  several  other  places,  both  above  and  below  the  railway 
bridge,  its  bottom  being  hidden,  so  that  its  total  thickness  could 
not  be  determined.  It  evidently  lies  close  to  the  surface  over  a 
large  area.  Two  veins  of  coal  of  workable  thickness  occur  below 
the  shale,  while  water  is  abundant  in  the  large  pond  which  sup- 
plies the  railway  tanks.  With  all  necessary  factors  present,  clay 
products  can  be  made  at  prices  that  will  defy  competition. 

At  the  Ziener  shaft,  in  the  southwest  quarter  of  section  27  (9 
N.,  8  W.),  31  feet  of  soft,  clayey  shale  occur  beneath  five  to 
seven  feet  of  surface  clay,  with  coal  V,  six  feet  thick,  below. 
This  is  on  a  spur  of  the  E.  &  T.  H.  Railway. 

At  the  Hymera  mine,  in  the  southwest  of  northeast  of  33,  12 
feet  of  blue  clay  shale  directly  overlies  the  worked  vein  of  coal 
VI,  here  five  to  eight  feet  thick.*    No  use  has  been  made  of  the 

shale.  ;  I  I    *• ;  t  i 

In  9  north,  9  west,  but  few  deposits  of  workable  shale  seem  to 

occur.     At  the  Berlin  shaft,  in  the  southwest  quarter  of  section 

1,  sandstones  for  the  most  part  replace  the  shales  above  coal  VII, 

and  between  VII  and  VI.     At  Shelburn,  in  the  southeast  of  34 

\(9  N.,  8  W.),  a  clay  shale,  11  feet  in  thickness,  overlies  the  top 

or  rider  vein,  coal  VIII,  foimd  at  52  feet,  while  between  that  and 

coal  VII,  at  175  feet,  are  70  feet  of  clay  shales  and  under-clays 

of  good,  workable  quality,  besides  35  feet  of  compact  siliceous 

clay  shale  of  doubtful  utility.     The  stratiun  of  clay  shale  just 

over  coal  VII  is  16  feet  thick,  the  coal  itself  averaging  four  feet 

in  thickness.     These  shales  would  have  to  be  mined,  and  will, 

therefore,  probably  never  be  used. 

Township  8  North,  Ranges  S  and  9  West. 

In  this  area  of  72  square  miles  are  a  number  of  the  larger  coal 
mines  of  Sullivan  County.  Coals  VII  to  V,  with  their  accom- 
panying shales  and  under-clays,  occur  near  the  surface,  coal  VI 
being  the  principal  vein  worked.  The  overlying  shale  and  the 
iinder-clay  of  coal  VII  are  the  best  clay  working  materials  of 
the  area. 


I 
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At  the  shaft  of  the  Star  City  mine,  near  the  center  of  section 
6,  the  following  strata  occur: 

Section  of  Shaft  of  Star  City  Mine, 

Fed.       Inche»»       Feet,       inchei. 

1.  Surface  and  drift   15  0  15  0 

2.  Shaly  sandstone  or  shale  overlying 

sandstone 45  0  60  0 

3.  Blue  clayey  shale 20  0  80  0 

4.  Coal  VII 4  to  4  6  84  6 

5.  Under-clay    6  0  90  6 

0.    Limestone    3  0  93  6 

7.  Gray  to  blue  shale 18  to  20         0  113  6 

8.  Coal  VI 4  ft.  6  In.  to  6  0  119  6 

9.  Shale    10  0  129  6 

Of  these  Xos.  3,  5,-  7  and  9,  aggregating  56  feet,  could  naostly 
be  used  for  different  kinds  of  clay  wares,  though  No.  9  is  of 
doubtful  workable  utility. 

At  the  old  "Jumbo'^  or  No.  1  mine  of  the  Jackson  Hill  Coal 
Company  (now  worked  out  and  abandoned),  located  in  the  south 
half  of  section  10  (8  N.,  8  W.),  coal  VI  was  worked,  the  upper 
vein,  coal  VII,  not  being  present  where  the  shaft  was  sunk.  The 
only  commercial  clay  at  the  mine  was  an  unctuous  blue  shale, 
remarkably  free  from  grit  and  fine  in  texture,  which  overlay 
coal  VI  for  a  thickness  of  14  feet.  Above  it  was  eight  feet  of 
sandstone  and  five  feet  of  surface  soil.  Coal  VI,  here  five  and  a 
half  feet  thick,  rests  upon  a  blue  shale  instead  of  an  under-clay. 
The  same  conditions  exist  at  the  Star  City  mine,  above  mentioned. 

At  the  shaft  of  the  No.  2  Jackson  Hill  min§,  located  three- 
quarters  of  a  mile  northwest  of  No.  1,  in  southwest  quarter  sec- 
tion 9  (8  N.,  8  W.),  the  dark  brown  shale  between  the  coal  and 
overlying  sandstone  was  12  feet  in  thickness,  the  under-clay  be- 
low the  coal  being  very  hard,  and  also  12  feet  thick.  The  No. 
VI  coal,  here  worked,  is  found  at  a  depth  of  104  feet,  and  is  five 
feet  six  inches  thick.  In  the  manway  of  the  air  shaft  No.  VII 
coal,  three  feet  eight  inches  thick,  was  found  at  a  depth  of  36  feet 
below  the  surface.    Just  above  it  was  12  feet  of  workable  shale. 

In  general  it  may  be  stated  of  this  region  that  wherever  the 
upper  or  No.  VII  seam  of  coal  exists  it  is  overtopped  with  12  or 
more  feet  of  shale  and  underlain  with  from  six  to  nine  feet  of 
under-clay,  both  of  which  are  suitable  for  vitrified  products.    Be- 
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tween  the  two  veins  of  coal,  and  overlying  the  dark  shale  or  sand- 
stone which  forms  the  roof  of  the  lower  or  No.  VI  vein,  is  often, 
also,  from  15  to  25  feet  of  an  excellent  clay  shale. 

At  Cole's  mine,  in  the  southwest  quarter  of  section  11,  a  stra- 
tiun  of  "fine  fire  clay,"  18  feet  thick,  is  said  to  underlie  coal  VI. 
On  the  Ellis  place,  in  the  northeast  quarter  of  section  29,  coal 
VII  is  overlain  with  six  to  eight  feet  of  soft  bluish  gray  clay  shale 
and  underlain  with  five  feet  of  under-clay^  both  of  good,  work- 
able quality. 

At  Farnsworth,  northwest  of  northeast  of  section  32  (8  N.,  8 
W.),  is  located  the  large  mine  of  the  Washington  Fuel  Company, 
of  Chicago.  This  mine  was  opened  in  1880,  and  the  first  year  or 
two  only  the  top  vein  of  coal  No.  Vll  was  worked;  but  here,  as 
elsewhere,  its  quality  is  inferior  to  that  of  the  lower  No.  VI  vein, 
and  only  the  latter  is  now  mined.  The  shaft  is  located  on  the 
Illinois  Central  Railway,  and  a  section  through  it  to  the  bottom  of 
coal  VI  is  as  follows : 

Section  of  Sfuift  at  FarmwcrUi  Mine. 

Feet.     Inches.      Feet.       Jnehee. 

1.  Soil  and  drift  clay 12  0  12  0 

2.  Gray  sandy  shale    17  0  29  0 

3.  Blue  clayey  shale  8  0  37  0 

4.  Coal  VII   3  4  40  4 

5.  Under-day 8  0  48  4 

6.  Bastard  grayish  limestone 2  6  50  2 

7.  Blue   clayey  shale,   with   occasional 

nodules  of  iron  carbonate   18         0  68         2 

8.  Dark  bituminous  shale,  fissile   ....     3  0  71  2 
0.    Coal  VI   5          6          76  8 

10.    Under-clay,  soon  merging  into  gray 

sandy  shale  ?? 

The  top  shale,  No.  2,  contains  too  high  a  percentage  of  silica  to 
work  alone.  On  the  other  hand,  shale  Ifo.  7  is  of  excellent  qual- 
ity, being  a  fine-grained,  gritless  material.  All  of  under-clay  No. 
6  and  15  feet  of  No.  7  shale  can  be  utilized  for  paving  brick, 
sewer  pipe,  hollow  brick  and  other  vitrified  wares. 

Two  miles  farther  east,  on  the  land  of  Mrs.  Thompson,  north- 
east quarter  of  the  northeast  quarter  of  section  34  (8  N.,  8  W.), 
a  mine  has  been  opened  to  supply  the  local  trade  with  coal.  The 
shaft,  sunk  only  through  the  upper  vein,  disclosed  the  following 
strata : 
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Section  at  Thompson  Oin  Shaft. 

Feet,       Inchtt. 

1.  Soil  and  yellow  clay 4  0 

2.  Shaley  "pepper  aud  salt"  sandstone 8  0 

3.  Blue  clayey  shale   16  0 

4.  Coal  VII   3  4 

5.  Under-clay 5  0 

Samples  of  the  shale  and  under-clay  show  them  to  be  in  every 
way  suitable  for  vitrified  products.  This  mine  is  seven  miles  east 
of  Sullivan  and  three-fourths  of  a  mile  north  of  the  Illinois  Cen- 
tral Railway. 

At  the  mine  of  W.  II.  Sexton,  one-half  mile  east  of  the  Sulli- 
van Court  Ilouse^  coal  VII,  111  feet  below  the  surface,  is  under- 
lain by  six  feet  of  a  superior  grade  of  dark  gray  plastic  under- 
clay  ;  above  the  coal  is  24  to  27  feet  of  blue,  clayey  shale,  also  of 
workable  quality.  The  lower  coal,  No.  VI,  five  feet  thick,  is 
being  mined,  and  no  use  is  being  made  of  the  shales  or  under- 
clays,  which  could  be  burned  into  many  kinds  of  clay  wares. 
Three  railways  are  within  a  quarter  of  a  mile  of  the  shaft. 

One  and  a  half  miles  east  of  Sullivan,  near  the  foot  of  the  bluflf 
bordering  the  bottoms  of  Busseron  Creek,  on  the  land  of  Lewis 
Eaton,  north  half  of  the  southeast  quarter  of  section  36  (8  N.,  9 
W.),  a  shaft  was  put  down  through  the  top  vein  of  coal,  which  at 
this  point  is  about  25  feet  below  the  surface.  The  following  sec- 
tion was  secured  of  the  strata  exposed  in  the  shaft : 


t 


Section  at  Eaton  or  WinterhoUom  Shaft. 

Feet,       Jnehea, 

1.  Son  and  drift  clay  G  0 

2.  Blue  clay  shale 17  0 

3.  Dark  bituminous  shale 2  0 

4.  Coal  VII   ,.     3  2 

5.  Under-clay    ?  0 

Shale  No.  2  is  a  hard,  compact,  fine-grained  material,  which 
weathers  freely  on  the  dump  into  a  plastic  mass,  valuable  for 
many  products.  No  samples  of  the  under-clay  underlying  the 
coal  were  obtainable,  but  it  is  doubtless  of  good  quality,  and  simi- 
lar to  that  underlying  the  same  coal  further  east.  This  mine  is 
one-fourth  of  a  mile  south  of  the  Illinois  Central  and  one  and  a 
half  miles  east  of  the  E.  <fe  T.  H.  railways. 

The  old  Watson,  Little  &  Co.  mine,  east  of  Sullivan,  now 


/ 
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operated  by  the  Rainbow  Coal  &  Mining  Co.,  of  Chicago,  is 
located  by  the  side  of  the  main  line  of  the  Illinois  Central  Rail- 
way. Both  veins  of  coal  have  here  been  worked,  bnt  the  npper 
one,  No.  VII,  has  been  abandoned,  as  the  output  from  it,  when 
allowed  to  stand  any  length  of  time,  air-slacks  too  rapidly  to  be 
of  value.  If  used  immedi^-tely  after  being  mined,  however,  it  is 
an  excellent  fuel.  The  upper  vein  is  49  feet  below  the  surface 
and  the  lower  one  93  feet.  An  air  shaft  was  being  sunk  at  the 
time  of  my  visit,  and  the  material  from  it  gave  excellent  opportu- 
nities for  examining  the  character  of  the  strata  above  the  first 
vein.    Of  them  the  following  section  was  obtained : 

Partial  Section  at  the  Air  Shaft  of  the  Rainbow  Coal  and  Mining  Co, 

.  Feet. 

1.  Surface  soil  and  clay 8 

2.  Gray  clay  shale  23 

3.  Blue  clay  shale,  containing  remains  of  fossil  plants 16 

4.  Bituminous  shale,  fissile 2 

5.  Coal  VII  4 

6.  Under-clay,  dark  plastic  6 

Of  these,  all  of  shale  No.  2  and  the  upper  half  of  No.  3,  com- 
prising 31  feet  in  vertical  thickness,  are  suitable  in  the  highest 
degree  for  vitrified  brick  and  similar  wares.  The  under-clay  will 
make  a  good  grade  of  terra  cotta,  hollow  brick  and  conduits,  and 
may  be  mixed  with  the  overlying  shales  for  other  vitrified  prod- 
ucts, but  it  evidently  contains  too  high  a  percentage  of  the  fluxes 
for  refractory  purposes.  The  three  things  necessary  for  the  pro- 
duction of  clay  products,  viz.,  raw  material,  fuel  and  transporta- 
tion, are  here  present  in  one  spot.  Where  so  combined  the  fin- 
ished products  may  be  made  at  prices  that  will  defy  competition. 
Moreover,  if  a  plant  should  be  located  here,  the  top  vein  of  coal 
would  supply  an  excellent  fuel,  as  it  could  be  mined  only  as 
needed;  thus  preventing  the  air-slacking  for  which  it  is  now  con- 
demned. 

For  a  number  of  years  a  mine  was  worked  at  Sullivan,  the  shaft 
being  located  about  200  yards  north  of  the  E.  &  T.  H.  station. 
Owing  to  litigation,  it  was  abandonecl  about  1891.  The  vein 
worked  was  coal  VI,  about  265  feet  below  the  surface.  From  a 
ten-foot  vein  of  clay  underlying  coal  VII,  47  feet  above  VI,  Mr. 
Pollock  made,  for  a  time,  vitrified  drain  tile  and  paving  blocks 
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for  sidewalks.  His  plant  was  located  near  the  coal  shaft,  and  was 
abandoned  soon  after  work  cease^  at  the  mine.  The  machinery, 
engine,  pug  mill,  etc.,  as  well  as  one  down-draft  kiln  and  200  feet 
of  shed  room,  were  still  in  position  a  few  years  ago. 

Township  7  North,  Ranges  8  and  9  West. 

Over  this  area  of  72  square  miles,  lying  south  and  southeast 
of  Sullivan,  coals  VIII  and  VII  form  the  surface  veins.  Only 
the  latter  is  of  workable  thickness.  Coals  VT,  V  and  IV  are  of 
better  grade  and  thickness  and  are  worked  by  deep  shafts  at  a 
number  of  places.  The  outcropping  strata  are  few  and  data 
regarding  the  clays  therefore  meagre. 

At  the  Superior  Mine,  on  a  spur  of  the  I.  &  V.  Railway,  in  the 
north  half  of  the  southeast  quarter  of  section  10  (7  N.,  8  W.), 
coal  IV,  five  feet  six  inches  thick,  is  being  mined  at  a  depth  of 
265  feet.  Below  the  coal  is  20  inches  of  a  dark  gray,  very  plastic 
under-clay,  while  overlying  the  coal  is  16  to  30  feet  of  a  rather 
hard,  gray  to  blue  clay  shale.  From  three  to  five  feet  of  this  has 
to  be  removed  from  the  entries  where  it  falls,  and  thousands  of 
tons  of  it  are  to  be  seen  going  to  waste  in  the  dump.  Here  it 
weathers  into  a  soft  and  plastic  clay,  which  could  be  easily 
burned  into  many  kinds  of  wares. 

Forty-one  feet  above  the  worked  vein  is  coal  IVa,  18  inches  in 
thickness.  It  overlies  about  three  feet  of  a  light  gray  under- 
clay,  which  weathers  into  a  potters'  clay,  suitable  for  the  better 
grades  of  stoneware. 

Coal  V,  4  feet  10  inches  thick,  is  found  137  feet  above  IV, 
while  VI,  formerly  worked,  is  55  feet  above  V.  The  last-named 
has  but  18  or  20  inches  of  under-clay  beneath  it.  Between  VI 
and  V  is  a  thin,  four-inch  vein,  which  overlies  four  feet  of  good, 
workable  under-clay.  A  16-foot  stratum  of  workable  shale  also 
lies  between  coals  VI  and  V.  Here  we  have  three  thick  veins  of 
coal,  a  plentiful  supply  of  clay-working  materials  and  a  railway 
already  built.  The  company  owns  853  acres  in  fee  simple  about 
the  mine,  and  has  an  additional  large  area  under  lease. 

Coal  VII,  with  overlying  shale,  outcrops  at  a  number  of  points 
in  the  western  half  of  7  N.,  8  W.,  but  no  data  is  at  hand  regard- 
ing the  accompanying  clays. 
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A  boring  near  Paxton,  a  station  on  the  E.  &  T.  H.  Kailway, 
in  sections  26  and  27  (7  N.,  9  W.),  showed  10  feet  of  blue  day 
shale  immediately  below  14  feet  of  surface  clay.  Coal  VII, 
three  and  a  half  feet  thick,  was  « truck  at  156  feet.  Below  it  was 
five  feet  of  good,  workable  under-clay.  Coal  VI,  at  207  feet,  was 
six  feet  thick,  with  17  feet  of  gray  clay  shale  above. 

Township  6  North,  Ranges  8  and  9  West. 

Over  this  area  of  72  square  miles,  in  the  southeast  corner  of 
Sullivan  County,  coals  VIII  and  VII,  with  their  accompanying 
strata,  form  the  greater  part  of  the  surface.  Coals  VI  and  V 
outcrop  in  the  eastern  third  of  6  N.,  8  W.  With  the  exception 
of  the  E.  &  T.  H.,  passing  north  and  south  through  the  center  of 
6  N.,  9  W.,  railway  facilities  are  lacking. 

At  the  George  Ward  gin  shaft,  a  quarter  of  a  mile  southeast  of 
Pleasantville,  southeast  quarter  of  section  12  (6  N.,  8  W.)^  coal 
VI,  4  feet  10  inches  thick,  is  mined  at  a  depth  of  38  feet.  Just 
above  the  coal  is  found  13  to  17  feet  of  gray  clay  shale,  while  a 
good,  workable  grade  of  under-clay,  seven  or  more  feet  in  thick- 
ness, is  found  below.  The  upper  three  feet  of  this  clay  is  dark 
and  plastic,  the  lower  four  feet  being  lighter  and  more  like  "soap- 
stone."  The  coal  will  be  found  of  excellent  quality  for  burning 
clay  wares. 

By  the  roadside  on  the  Hume  hill  leading  down  to  Maria 
Creek,  in  the  southwest  quarter  of  section  9,  about  four  miles 
west  of  Pleasantville,  are  several  exix)6ures  of  a  light  gray,  very 
plastic  potters'  clay,  which,  for  a  long  time,  was  used  at  Pleasant- 
ville in  making  a  better  grade  of  stoneware.  The  stratum  of  clay 
lies  immediately  beneath  a  layer  of  sandstone,  has  an  average 
thickness  of  about  three  feet,  and  is  readily  accessible. 

On  the  land  of  Robert  Benefiel,  in  the  southeast  quarter  of 
section  9,  the  same  clay  outcrops  betieath  a  ledge  of  limestone 
neal*  the  bottom  of  a  deep  ravine. 

Carlisle,  a  growing  town  of  800  population,  on  the  E.  &  T.  H. 
Railway,  in  southern  Sullivan  County,  lies  in  the  center  of  a 
region  about  four  miles  square,  which  is  abundantly  supplied  with 
clay-working  materials.  The  yellow  surface  loess  clay,  found  in 
the  vicinity  of  the  town,  is  12  to  18  feet  in  thickness,  and  suit- 
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able  for  ordinary  or  pressed  front  brick  or  drain  tile.  It  usually 
overliee  a  bed  of  blue  clay  sliale,  18  to  40  feet  thick.  Mixed  with 
these  shales,  the  surface  clay  will  make  paving  brick  or  other 
vitrified  products. 

The  under-clay  below  coal  VII,  in  the  vicinity  of  Carlisle,  runs 
between  six  and  eight  feet  in  thickness,  and  is  a  soft,  plastic  mate- 
rial, which  requires  the  addition  of  a  more  siliceous  clay  for  some 
wares.  For  some  time  it  was  mined  and  sold  for  $1.50  per  ton, 
f-  o.  b.  the  cars,  to  the  Uhl  Pottery  Co.  and  Decker  Bros.,  of 
Evansville.  The  former  used  it  for  making  stoneware  and  the 
latter,  when  mixed  with  shale,  for  paving  brick. 

Samples  of  both  under-clay  and  shale  from  around  Carlisle 
have  been  burned  for  Mr.  C.  A.  Ellis,  of  that  town,  by  a  number 
of  parties,  all  of  whom  speak  highly  of  the  wares  produced. 
From  two  of  the  lettera  sent  to  Mr.  Ellis  I  quote  briefly,  the  first, 
under  date  of  October  24,  1902,  being  from  Thomas  Proud,  the 
superintendent  of  the  Indiana  Paving  Brick  Co.,  at  Brazil,  who 
wi-ote,  in  part,  as  follows: 

"The  shale  you  sent  is  the  best  I  ever  saw.  Tested  to  make 
paving  brick,  it  bums  as  hard  as  iron  and  is  very  tough.  It  will 
not  stand  quite  as  much  fire  as  the  shale  here.  The  under-clay 
will  make  hollow  brick  or  vitrified  drain  tile  of  good  quality." 

The  other,  from  A.  B.  Home,  Lancaster,  Ohio,  written  Decem- 
ber 22,  1902,  spoke  of  three  samples  of  shale,  as  follows:  "As 
you  will  see,  the  burned  pieces  of  shale  are  all  fine.  No.  1  exceed- 
ingly so,  being  excellent  in  color  and  fit  for  almost  any  kind  of 
clay  goods.  No.  2,  a  mixture  of  Nos.  1  and  3,  would  make  equally 
as  good,  if  not  better,  vitrified  materials.  I  am  not  so  sure  about 
No.  3,  burned  by  itself,  but  have  no  doubt  but  that  if  it  were 
worked  on  a  large  scale  with  No.  2  it  would  make  good  vitrified 
brick." 

Coal  VI,  five  feet  three  inches  thick,  underlies'  coal  VII,  and 
the  above-mentioned  clays  in  the  vicinity  of  Carlisle  at  a  depth  of 
about  245  feet  from  the  surface. 

A  short  distance  north  of  Carlisle,  by  the  side  of  the  E.  &  T. 
H.  Railway,  Mr.  J.  P.  Walls  for  a  long  time  manufactured,  on  a 
small  scale,  fire  and  ornamental  brick  from  the  vein  of  under- 
clay,  eight  feet  thick,  which  underlies  coal  VII,  at  a  depth  of  200 
feet.    He  informed  me  that  this  clay  withstands  great  heat  with 
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but  little  shrinkage,  and  the  products  do  not  crack  in  drying  or 
burning.  Coal  VII  at  that  point  is  three  feet  thick  and  gives 
good  satisfaction  as  a  fuel  in  burning  ordinary  brick,  of  which  he 
made  large  numbers. 

The  clays  and  shales  of  eastern  Sullivan  county,  lying  as  they 
do  in  close  proximity,  either  above  or  below  thick  veins  of  excel- 
lent fuel,  should  be  put  to  some  use  other  than  the  making  of 
ordinary  brick  and  drain  tile,  which  are  now  the  only  forms  of 
clay  products  made  in  the  county.  Railway  facilities  are  excel- 
lent, and  with  the  proper  expenditure  of  capital  by  men  of 
energy  the  county  could  become  as  noted  for  its  clay  industries 
as  it  now  is  for  its  bituminous  coal  mines. 

KNOX  COUNTY. 

This  county  comprises  one  of  the  most  fertile  sections  of 
Southwestern  Indiana.  The  Wabash  River  forms  its  Avestern 
boundary  and  White  River  its  eastern  and  southern.  The  broad 
valleys  of  these  streams  form  a  large  portion  of  the  surface  of 
the  county  and  greatly  increase  the  average  richness  of  its  soils. 
It  comprises  an  area  of  640  square  miles,  and  lies  south  of  Sulli- 
van and  Greene,  east  of  the  Illinois  State  line,  west  of  Daviess 
and  north  of  Pike  and  Gibson  counties. 

The  upper  or  barren  Coal  Measures  form  the  surface  rocks  of 
the  greater  part  of  its  area.  The  lower  or  productive  measures 
underlie  the  whole  county,  but  at  such  a  depth  as  to  prevent  the 
remunerative  mining  of  coal,  except  at  a  few  points  along  the 
eastern  border,  where  the  principal  veins  of  these  measures  out- 
crop in  or  near  the  bluffs  of  White  River. 

The  upper  or  barren  measures  are  made  up,  for  the  most  part, 
of  alternating  strata  of  sandstones  and  shales.  At  intervals  are 
thin  beds  of  "rash''  coals  of  no  economic  value.  The  total  thick- 
ness of  these  deposits  is  more  than  300  feet,  and  above  them  lie, 
in  most  parts  of  the  county,  from  10  to  75  feet  of  drift,  alluvium 
or  loess,  which  hide  the  more  compact  rock  strata  from  view. 
In  the  valleys  these  pleistocene  deposits  run  up  to  100  feet  in 
thickness,  and  in  some  of  the  old  vallevs  which  have  not  been 
cleared  out,  may  exceed  that.  On  the  uplands  the  drift  and  sur- 
face will  seldom  exceed  30  feet,  and  will  generally  run  between 
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10  and  20  feet.  At  Vincennea,  the  county  sieat,  the  first  sand- 
stone found  in  a  test  bore  put  down  in  the  city  park  was  found 
at  a  depth  of  71  feet,  and  the  first  vein  of  coal  of  workable  thick- 
ness at  a  depth  of  383  feet. 

The  divide  between  White  and  Wabash  rivers  extends  through 
the  center  of  the  county,  the  western  half  being  drained  into 
the  Wabash  by  Busseron,  Marie  and  Deshee  creeks  and  their 
smaller  tributaries,  while  the  eastern  half  drains  into  the  West 
Fork  of  White  River  through  Black  Water,  Indian  and  Pond 
creeks.  The  two  forks  of  White  River  unite  at  the  southeastern 
corner  of  the  county. 

The  railway  facilities  of  the  county  are  fairly  good.  The  B. 
&  O.  S.  W.  crosses  from  east  to  west  near  the  center ;  the  E.  & 
T.  H.  from  north  to  south  through  the  western  third.  The  I. 
&  V.  and  the  Cairo  Division  of  the  Big  Four  cross  from  north- 
east to  southwest.  All  converge  at  Vincennes,  the  oldest  town  in 
the  State,  which  is  well  situated  as  regards  transportation  and  is 
rapidly  becoming  a  manufacturing  center  of  importance. 

Tavmships  Jf  and  5  North,  Range  8  West. 

The  most  important  mining  area  of  Knox  County  is  in  the 
northeastern  part  in  the  72  square  miles  embraced  in  the  town- 
ships mentioned.  The  I.  &  V.  Railway  crosses  the  area  from 
northeast  to  southwest.  Coals  VII,  VI  and  V,  with  their  accom- 
panying shales  and  under-clays,  form  the  surface  rocks,  but  all 
are  more  or  less  covered  with  drift,  loess  and  sand.  In  general 
it  may  be  stated  of  the  area  that  the  under-clay  beneath  the  top 
vein  or  coal  VII,  and  the  blue  shale  overlying  coal  VI  are  both 
of  excellent  grade  for  manufacturing  purposes. 

One  and  a  fourth  miles  north  of  Edwardsport,  northeast  quar- 
ter of  section  36  (5  N".,  8  W.),  a  slope  shaft^  was  put  into  a  hill 
in  1895.  This  is  known  as  the  Hoffman,  or  Edwardsport  Coal 
and  Mining  Co.'s  mine.  Test  bores  put  down  in  the  side  of  the 
hill  above  the  shaft  show  the  presence  of  the  following  strata : 
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Section  of  Hill  near  Hoffman  Mine. 

Feet.     Inches.      Feet,       Inchei. 

1.  Soil  and  drift  clay 12  0  12  0 

2.  Blue  sandy  shale 10  0  22  0 

3.  Coal  VII   3  2  25  2 

4.  Under-elay    3  4  28  6 

5.  Blue  clayey  shale   39  0  67  6 

6.  Dark  bituminous  shale    3  0  70  6 

7.  Coal  VI   5  3  75  9 

8.  Under-clay    2  0  77  9 

The  under-clay,  No.  4,  is  a  dark  gray  plastic  material  of  very 
fine  texture  and  with  an  occasional  trace  of  stigmaria  or  other 
fossil  plant  remains.  It  can  be  made  into  terra  cotta,  hollow 
building  block,  conduits,  fireproofing  of  various  kinds,  vitrified 
drain  tile,  etc.  The  blue  shale,  No.  5,  has  the  fine  texture  and 
unctuous  feel  characteristic  of  the  better  grades  of  materials 
suitable  for  hollow  brick,  pressed  front  and  paving  brick,  sewer 
pipe  and  kindred  products. 

Nearer  town,  in  the  southeast  quarter  of  section  35,  the  under- 
clay  at  the  level  of  coal  VI  was  found  to  be  nine  feet  thick.  Just 
south  of  the  I.  &  V.  Railway  station  an  exposure  of  shale  suit- 
able for  pressed  front  brick  lies  alongside  the  railroad  track.  It 
is  six  to  eight  feet  in  thickness  and  overlies  coal  V,  which  is  here 
exposed  to  a  depth  of  about  three  feet. 

At  the  Keith  mine,  three-fourths  of  a  mile  south  of  Edwards- 
port,  northeast  quarter  of  section  12  (4  N.,  8  W.),  the  under- 
clay  beneath  coal  V,  which  is  here  worked,  is  about  four  feet 
thick,  but  is  much  inferior  in  quality  to  that  found  below  VII 
higher  up.  It  is  more  siliceous  than  the  latter  and  contains  some 
pyrites,  and  many  stigmaria  and  other  plant  remains.  A  short 
distance  below  this,  southeast  quarter  section  12,  coal  V  out- 
crops  at  low  water  mark  in  the  bed  of  White  River.  At  this 
point  it  is  overlain  with  a  black  calcareous  shale,  above  which  is 
a  dark  colored  limestone;  the  two  together  aggregating  about 
eight  feet  in  thickness  and  containing  numerous  fossils,  among 
which  are  sections  of  some  very  large  crinoid  stems  and  spines. 

At  the  Brickyard  mine,  in  the  northeast  corner  of  section  11 
(4  N.,  8  W.),  coal  VI  is  overlain  with  18  feet  of  sandstone  and 
shale  and  lies  25  feet  above  coal  V,  which  is  here  worked.  At 
the  brickyard  a  yellow  loess  surface  clay  seven  feet  thick,  is 
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used  for  soft  mud  brick  after  stripping  four  inches  of  sod  and 
soil.  The  clay  overlies  a  shale,  about  eight  inches  of  which  is 
mixed  with  the  loess. 

At  the  Bicknell  mine,  southeast  quarter  of  section  16  (4  N., 
.  8  W.),  the  shale  found  above  coals  VII  and  VI,  at  Edwards- 
port,  is  largely  replajced  by  sandstone.  Coal  VII  lies  47  feet, 
and  coal  VI  92  feet  below  the  surface.  Both  are  worked,  and 
the  undei^clays  and  workable  shales  pierced  by  the  shaft  aggre- 
gate 13  feet  in  vertical  thickness. 

At  the  shaft  of  the  Enterprise  mine,  on  the  I.  &  V.  Railway, 
two  miles  west  of  Bicknell,  coal  VII,  two  feet  10  inches  thick, 
was  struck  at  a  depth  of  109  feet.  It  is  imderlain  by  four  feet 
of  a  most  excellent  grade  of  light  gray,  plastic  under-clay  which 
can  be  burned  into  stoneware,  conduits,  hollow  building  block, 
*  sewer  pipe  and  many  wares  of  a  similar  class.  Coal  VI,  four 
feet  six  inches  thick,  is  mined  at  a  depth  of  156  feet,  and  is  over- 
laiii  with  11  feet  of  fine  grained,  dark  gray  shale,  which  weath- 
ers into  a  soft,  plastic  material,  suitable  for  vitrified  products  of 
various  kinds. 

South  of  the  above  area,  exposures  of  shale  and  under-clay 
suitable  for  manufacturing  purposes  are  few.  In  a  bluff  of 
White  River,  Don.  134  (3  K,  8  W.),  25  feet  of  clay  shale  with 
ironstone  nodules  are  exposed  between  coals  VII  and  VI,  both 
the  latter  being  of  workable  thickness.  At  the  Monroe  City 
Coal  Company's  shaft,  in  Don.  228  (2  N.,  8  W.),  55  feet  of 
blue  clay  shale  was  passed  through  above  coal  VII,  here  four 
feet  thick.  Overlying  the  shale  was  19  feet  of  clay  and  quick- 
sand. At  Allen  &  Foulke's  bank  in  the  northeast  quarter  of  9 
(1  N.,  8  W.),  coal  VII,  averaging  nearly  three  feet  in  thickness, 
is  overlain  by  six  feet  of  good  workable  clay  shale  and  underlain 
with  four  feet  of  "fire-clay."  As  all  these  points  are  distant  from 
transportation  facilities,  it  is  doubtful  if  they  are  ever  utilized. 

Near  Oaktown,  a  station  on  the  E.  &  T.  11.  Railway,  a  bore 
sunk  to  a  depth  of  236  feet  in  search  of  coal,  disclosed  64  feet 
in  vertical  thickness  of  imder-clay  and  workable  shales.  One  of 
the  strata  of  under-clay,  ten  feet  six  inches  in  thickness,  was 
found  about  120  feet  bolow  the  surface,  immediately  below  a 
four  inch  vein  of  coal ;  the  latter  bein<r  overlain  with  limestone. 
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This  clay  was  white  to  dark  orange  in  color  and  was  said  by  ex- 
perts to  be  a  good  terra  cotta  material.  ^ 

The  Prospect  Hill  mine,  one  and  a  half  miles  southeast  of  the 
City  Hall  at  Vincennes,  was  long  worked  for  the  local  trade. 
The  shaft  was  sunk  in  a  comparatively  low  place  near  the  Sugar 
Loaf  Mound.  The  worked  vein  of  coal,  probably  No.  VII,  occurs 
here  at  a  depth  of  355  feet.  It  is  four  feet  thick  and  has  above 
it  a  stratum  of •  fine  grained,  gray  shale,  42  feet  in  thickness. 
This  forms  an  excellent  roof,  being  massive  instead  of  in  laminae, 
and  when  blasted  breaking  with  a  conchoidal  fracture.  An  an- 
alysis of  this  shale  by  Dr.  Noyes  shows  its  composition  to  be  as 
follows : 

Anaiyds  of  Shale  from  above  Coal  at  Prospect  Hill  Mine. 

Silica   (SIOJ    64.05 

Titanium   oxide  (TiOs) 1.00 

Alumina  (Al^OJ  16.00 

Water  combined  (H,0) 3.79 

Clay  base  and  sand 84.84 

Ferric  oxide   (FeaO 89 

Ferrous  oxide  (FeO) 5.85 

Lime   (CaO) 42 

Magnesia  (MgO)   2.00 

Potash  (KjO)    2.59 

Soda  (Na.O)    1.19 

Fluxe.s   12.94 

Carbon   dioxide  (COJ 2.68 

Total    100.46 

Comparing  this  with  the  standard  composition  of  clays  suit- 
able for  vitrified  products,  see  page  82,  we  find  it  varying  but 
slightly,  and  that  toward  a  greater  purity.  Practical  tests  in  the 
kiln  would  proT)ably  prove  what  the  chemical  composition  inti- 
mates, and  show  conclusively  the  fitness  of  this  shale  for  paving 
brick,  sewer  pipe  and  kindred  products. 

The  under-clay  beneath  the  worked  coal  at  the  Prospect  Hill 
mine  has  been  pierced  to  a  depth  of  ten  feet  without  reaching 
bottom.  •  It  is  a  dark  gray,  plastic  material,  of  exceedingly  fine 
texture,  and  with  an  occasional  trace  of  stigmaria.  -A  partial 
analysis  of  a  sample  of  clay  from  the  same  stratum  taken  from 
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the  mine  of  the  Vincennos  Coal  Company,  one-half  mile  north- 
east, was  made  a  number  of  years  ago  by  Dr.  J.  N.  Hurty,  who 
determined  the  percentage  composition  of  the  following  con- 
stituents : 

Partial  Analysis  of  Under-clay  from  Beneath  Worked  Vein  of  Coal  near  Vincennes. 

Silica  (SiOJ    65.315 

Alumina   (A1,0,)    28.473 

Clay  base  and  sand 93.788 

Lime  (CaO) 179 

Magnesia  (MgO)   2.741 

Ferric  oxide   (Fe^Oa) 3.120 

Fluxes    6.040 

Moisture    ^ .170 

"This  clay  burns  to  a  yellowish  white  and  will  make  an  excel- 
lent fire-brick.'^ 

The  under-clay  from  the  Prospect  Hill  mine  can  also  be  made 
into  terra  cotta,  sewer  pipe  and  fi  rep  roofing  for  walls  and  chim- 
neys. Two  feet  of  the  clay  has  to  be  blasted  out  in  all  the  entries 
for  height.  Most  of  this  is  stored  in  worked  out  areas,  but  hun- 
dreds of  tons  of  it  and  the  shale  al)ove  the  coal  are  raised  to  the 
dump,  where  they  soon  weather  into  a  fine  plastic  mass. 

Th«  location  of  a  large  clay  industry  at  either  the  Prospect 
Hill  mine  near  Vincennes,  the  old  Iloifman  mine  just  north  of 
Edwardsport,  or  the  Enterprise  mine  west  of  Bicknell,  can  not 
but  prove  a  paying  venture.  At  all  three  places  raw  material  in 
abundance  and  of  excellent  quality  for  many  products  is  found. 
At  all  three  fuel  for  burning  this  material  is  plentiful.  The 
Hoffman  and  Enterprise  mines  each  have  a  railway  switch 
already  completed.  One  can  easily  be  constructed  to  the  Vin- 
cennes mine,  and  the  latter  being  placed  in  connection  with  the 
four  railways  entering  that  city,  will  then  have  the  better  trans- 
portation facilities. 

The  yellow  loess  clay  is  utilized  for  soft  mud  brick  making  at 
three  or  four  i)oints  in  the  suburbs  of  Vincennes.*  From  five  to 
ten  feet  are  used  after  stripping  three  to  four  inches  of  sod  and 
top  soil. 


^See  statistical  table  near  end  of  paper. 
17— Geology. 
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DAVIESS  COUNTY. 

Lying  about  half  way  between  the  center  of  the  State  and  its 
southwestern  comer  is  Daviess,  one  of  the  better  agricultural 
counties  of  southern  Indiana.  It  is  situated  west  of  Martin, 
south  of  Greene,  east  of  Knox  and  north  of  Dub<H8  and  Pike 
counties.  The  West  Fork  of  "White  Eiver  forms  the  western 
and  the  East  Fork  the  southern  boundary  of  the  county,  the  two 
uniting  at  the  southwestern  corner.  The  county  has  an  extreme 
length  from  north  to*  south  of  28  miles  and  a  width  of  20  miles ; 
its  area  comprising  430  square  miles. 

The  Coal  Measure  rocks  form  the  surface  of  nearly  the  entire 
county,  the  Mansfield  sandstone  outcropping  along  the  streams 
of  the  northern  and  eastern  edges.  The  northeastern  part  of  the 
county  is,  therefore,  quite  broken  with  the  characteristic  hills  and 
ridges  of  the  conglomerate  sandstone  which  here  forms  much  of 
the  surface  rock.  Going  west,  southwest  and  south,  this  quickly 
changes  to  a  rolling  country  and  that  in  turn  to  a  very  level  sur- 
face; many  prairies  on  the  sites  of  former  marshes  and  lakes  be- 
ing found  along  Smithers  and  Prairie  creeks  and  their  tributaries. 
Most  of  Elmore,  Bogard,  Steele,  Washington  and  Barr  town- 
ships are  of  this  level  character,  with  some  rolling  land.  North- 
east of  Washington  is  a  conspicuous  group  of  hills.  The  south- 
ern part  of  the  county,  as  White  River  is  approached,  again  be- 
comes quite  hilly. 

The  drift,  as  to  the  north,  consists  of  clays,  sands  and  gravels. 
These  have  a  thickness  of  from  0  to  90  feet,  the  latter  depth 
occurring  only  where  old  valleys  have  been  filled  up.  As  a  rul^, 
the  drift  will  average  less  than  20  or  25  feet  thick,  yet,  from 
the  level  nature  of  most  of  the  county,  is  sufficiently  thick  to 
hide  nearly  all  the  natural  outcrops,  due  principally  to  most  of 
the  streams  following  their  old  courses,  though  many  score  of 
feet  above  their  old  beds.  It  is  probable  that  the  surface  was 
formerly  nearly,  if  not  quite,  100  feet  above  the  present  level. 

The  northqm  third  of  the  county  is  drained  into  the  West 
Fork  of  White  River  by  Furse,  Indian  Pond  and  Smithers 
creeks.  The  central  third  drains  into  the  same  stream  through 
Prairie  Creek  and  its  tributaries.  From  the  southern  third, 
Veale  Creek  flows  west  into  the  West  Fork,  while  Aikman's, 
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Mud,  Sugar,  Slate  and  Haw  creeks  flow  either  south  or  east  into 
the  East  Fork  of  White  River. 

Three  railways  pass  entirely  through  the  county;  the  South- 
em  Indiana  and  B.  &  O.  S.  W.  from  east  to  west,  the  former 

« 

across  the  northern  third,  the  latter  a  little  south  of  the  center. 
The  E.  &  I.  Railway  runs  north  and  south  througb  the  western 
third. 

"Washington,  the  county  seat,  has  long  been  one  of  the  more 
important  mining  centers  in  the  State.  It  lies  almost  half  way 
between  St.  Louis  and  Cincinnati,  and  in  1891  secured  the  shops 
of  the  B,  &,0.  S.  W.  Railway.  Since  that  date,  it  has  almost 
doubled  in  size,  possessing  at  the  present  a  population  of  about 
9,60«0.  Coals  VII  and  VI,  with  their  accompanying  shales,  occur 
in  the  county  only  in  the  immediate  vicinity  of  Washington,  and 
therefore  some  of  the  principal  coal  mines  of  the  county,  as  well 
as  the  larger  deposits  of  commercial  clays  which  lie  close  enough 
to  the  railway  to  admit  of  profitable  working  are  there  situated. 
Many  shafts  have  been  sunk  and  bores  put  down  just  east  and 
south  of  the  city.  These  prove  the.  presence  of  shale  and  fire- 
clay deposits  in  abundance,  though  in  but  few  places  do  they 
come  so  near  the  surface  as  to  admit  of  being  worked  by  strip- 

Coals  V  and  IV,  with  their  overlying  and  intervening  strata 
cover  three-fourths  of  the  area  of  the  county  and  have  been 
extensively  mined  east  and  southeast  of  Washington.  Coals  Illc, 
Illb  and  III  come  close  to  the  surface  along  the  eastern  edge 
and  in  the  northern  fourth  of  the  county. 

Township  5  North,  Ranges  5,  6  and  Part  of  7  West. 

In  this  area  of  about  75  square  miles  along  the  north  edge  of 
the  county  coal  V  is  the  highest  coal  found,  and  it  may  be  ques- 
tioned whether  it  occurs  other  than  in  a  hill  on  the  western  bor- 
der of  the  area.  Coal  I  outcrops  at  the  east  and  its  under-clay, 
wherever  found  can  be  burned  into  stoneware  or  terra  cotta.  As 
far  as  discoverable,  no  workable  coal  exists  in  the  area.  Furse 
and  Smithers  creeks  drain  the  area  and  the  divides  between  then\ 
are  from  75  to  135  feet  above  the  creek,  or  even  higher.  The 
western  and  much  of  the  southern  part  of  5  north,  6  west,  is 
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prairie.  Ono  or  two  ridges  extend  in  from  tlie  east,  but  become 
rapidly  reduced  in  height.  Tlie  Southern  Indiana  Railway 
crosses  the  area  from  cast  to  west;  while  the  E.  &  I.  crosses  its 
western  end. 

The  Southern  Indiana  runs  through  a  shale  cut  nearly  a  quar- 
ter of  a  mile  in  length  in  the  south  half  of  section  25  (5  north, 
5  west),  about  a  mile  and  a  quarter  northwest  of  Burns  City. 
The  shale  is  exposed  to  a  depth  of  12  feet  and  has  above  it  eight 
feet  of  yellow  clay.  The  shale  is  a  soft,  gritless,  drab  to  blue 
clayey  material,  and  probably  overlies  coal  III.  It  can  be  burned 
into  vitrified  brick,  sewer  pipe  and  hollow  block  of  good  quality. 

The  overlying  yellow  clay  is  the  fine  grained  siliceous  material 
known  as  loess,  which  occurs  over  a  large  area  in  southwestern 
Indiana.  It  is  wholly  free  from  pebbles  of  lime  and  other  im- 
purities and  will  make  a  good  dry  pressed  front  brick  or  a  high 
quality  of  ordinary  brick.  The  loess  at  this  cut  can  be  mixed 
with  the  underlying  shale  in  the  proportions  in  which  it  occurs 
to  make  vitrified  products,  and  its  stripping  can,  therefore,  be 
avoided.  With  cheap  fuel  in  close  proximity  and  a  railway  al- 
ready in  place,  the  vicinity  of  this  cut  furnishes  an  excellent  site 
for  a  clay  factory  of  large  size. 

On  the  Turner  farm,  in  the  southeast  quarter  of  section  36. 
(6  N.,  6  W.),  a  bore  showed  the  presence  of : 

Sectian  on  Turner  Farm. 

Feet         Inch  €9. 

1.  Surface  soU  and  looss  clay 10  0 

2.  Ferruginous  shale   C  0 

3.  Coal  III    1  C 

4.  Under-clay    .' 2+  0 

The  surface  clay,  No.  1,  is  a  good  brick  making  material,  while 
the  under-clay  is  said  to  be  '^good  for  fire  brick." 

On  the  land  of  II.  Dillon',  two  miles  southeast  of  Elnora,  in 
the  northwest  quarter  of  se<*iion  23  (5  N.,  6  W.),  occurs  a  fine 
deposit  of  yellow  loess  clay  whicli  is  used  for  making  ordinary 
soft  mud  brick  at  Elnora.  The  deposit  is  on  the  west  side  of 
and  is  reached  by  a  short  spur  from  the  Southern  Indiana  Kail- 
way.  The  loess  is  at  this  point  10  or  more  feet  thick,  and  is  said 
to  be  underlain  by  a  white  marly  clay.  It  is  very  pure  in  quality 
and  makes  a  high  grade,  hard  and  durable  brick.     It  could  also 
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be  made  into  drain  tile  of  large  size,  such  as  are  made  by  the 
National  Drain  Tile  Company  at  Summitville,  Ind.,  or  into 
pressed  front  brick.  At  the  deposit  si  cut  has  been  made  of 
sufficient  depth  to  allow  a  flat  car  to  be  pushed  in  beneath  a 
platform  bridging  the  cut.  A  hole  in  the  center  of  this  platform 
allows  the  clay  to  be  scraped  with  iron  scrapers,  operated  with 
horses,  directly  into  the  car. 

Township  U  North,  Ranges  5,  6  and  7  West. 

This  area  of  102  square  miles  is  very  level  at  the  west,  but 
gradually  rises  and  becomes  more  broken  to  the  east,  the  highest 
point  being  probably  in  section  10  (4  N.,  6  W.),  where,  near  the 
center  of  the  section,  a  hill  is  about.  150  feet  above  Prairie  Creek. 
On  the  north  the  country  is  more  nearly  level.  Steele  Township 
is  very  level,  mostly  prairie,  but  somewhat  broken  by  sand  ridges. 
The  E.  &  I.  Railway  covers  the  western  portion,  the  eastern  two- 
thirds  being  without  railway  facilities. 

Coal  IV  is  extensively  worked  for  local  use  about  Epsom,  in 
4  north,  6  west ;  while  at  Raglesville,  coal  III  is  mined  at  a  num- 
ber of  places,  and  hauled  in  wagons  to  the  Southern  Indiana 
Railway. 

At  the  Union  Coal  Company's  bank,  near  the  center  of  section 
11  (4  N.,  5  W.),  the  following  section  is  exposed: 

Section  at  Union  Coed  Company's  Bank. 

Feet.         Jnchei. 

1.  Shale    50  0 

2.  Coal  Illb  1  4 

3.  Shale,  gray 12  0 

4.  Bone  coal   3 

5.  Coal  III 3  3 

6.  Under-clay    4+  0 

A  part  of  No.  1  and  all  of  Nos.  3  and  6  can  be  burned  into 
vitrified  wares.  By  utilizing  No.  3  for  clay  working  purposes, 
both  coals  could  be  mined  with  profit.  Both  are  said  to  be  of 
excellent  quality,  burning  to  a  pure  white  ash. 

At  Doan's  mine,  in  the  southeaiSt  quarter  of  section  2  (4  N., 
6  W.),  coal  IV,  three  feet  thick,  is  underlain  with  10  feet  of  fire- 
clay which  is  very  pure  and  white,  so  much  so  that  it  is  said  to 
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have  been  used  for  whitewashing  in  the  neighborhood.  It  can 
be  burned  into  stoneware,  terra  cotta,  conduits,  etc. 

At  the  J.  M.  Myers  shaft,  in  the  village  of  Epsom,  ncnrtheast 
quarter  of  section  15  (4  N.,  6  W.),  coal  IV  is  mined  from  15 
feet  below  the  surface  and  overlies  four  or  more  feet  of  the  same 
quality  of  under-clay. 

One  mile  south  of  Plainville,  near  the  E.  &  I.  Railway,  in  the 
northwest  quarter  of  section  14  (4  X.,  7  W.),  a  bore  sunk  for 
coal  disclosed  the  following  section : 

Section  of  Bore  SoiUh  of  Plainville. 

Feet,         hekt», 

1.  Soil  and  loess  clay 13  0 

2.  Shale 47  0 

3.  Coal  IV  (upper  bench) 1  6 

4.  Under-day    2  0 

5.  Coal  IV  (lower  bench)   2  0 

6.  Shale  with  a  little  limestone 15  0 

7.  Coal  III   3  10 

8.  Under-clay.  shale,  etc 16  0 

This  shows  a  plentiful  supply  of  clay-working  materials.  By 
utilizing  the  under-clay  between  the  two  benches  of  coal  IV,  both 
could  be  mined  with  profit. 

Tow7iship  3  North  J  Ranges  5,  6  and  7  West 

In  this  area  of  102  square  miles  occur  coals  VII  to  III,  inclu- 
sive, with  their  accompanying  shales  and  under-clays,  coals  VII 
and  VI  being  found  only  in  the  vicinity  of  Washington,  in  3 
north,  7  west.  The  meet  of  the  area  is  very  level  or  slightly 
rolling,  with  many  old  preglacial  channels  scattered  throughout. 
Drift  deposits  completely  cover  the  area,  ranging  in  thickness 
from  10  to  75  feet.  In  the  eastern  part  of  the  area,  coal  IV  over- 
lies a  bed  of  under-clay  of  good  quality  and  from  four  to  10  feet 
in  thickness.  Between  this  and  coal  III,  there  are  usually  two 
or  more  strata  of  gray  shale  and  one  of  under-clay,  the  latter 
occurring  either  beneath  a  thin  vein  of  coal  or  a  layer  of  black 
shale  which  represents  the  coal.  The  under-clay  beneath  coal 
III,  runs  up  ,to  five  feet  in  thickness,  and  where  exposed  and 
partly  weathered  becomes  a  good  grade  of  potters'  clay.  Coal  I, 
where  drilled  to  or  exposed  also  overliee  a  four  to  six  foot  bed 
of  good  under-clay. 
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At  the  Buckeye  shaft,  at  Cannelburg,  by  the  side  of  the  B.  & 
O.  S.  W.  Railway,  northwest  corner  of  section  29  (3  N.,  5  W.), 
coal  IV,  three  feet  thick,  occurs  39  feet  below  the  surface,  with 
five  feet  of  under-clay  beneath.  Coal  Ilia,  16  inches  thick, 
occurs  58  feet  from  the  surface,  with  seven  feet  of  gray,  clayey 
shale  above  and  one  foot  of  under-clay  beneath..  Coal  III,  four 
and  a  half  feet  thick,  in  two  layers — the  upper,  cannel  coal^ 
occurs  74  feet  down,  and  overlies  two  or  more  feet  of  under-clay. 
The  shale  and  under-clays  mentioned  are  all  of  good  workable 
quality. 

At  the  shaft  of  the  Mutual  Mining  Company,  half  a  mile 
south  of  Cannelburg,  in  the  southwest  quarter  of  section  29  (3 
N.,  6  W.),  coal  IV  is  overlain  by  14  feet  of  soft  blue  shale  and 
underlain  by  five  feet  of  under-clay,  both  capable  of  being  made' 
into  many  kinds  of  clay  wares.  The  under-clay  beneath  the 
worked  vein  of  cannel  and  bituminous  coal  is  hard  and  shalelike, 
but  could  be  worked. 

Just  west  of  Montgomery,  in  the  northeast  quarter  of  section 
27  (3  N.,  6  W.),  by  the  side  of  the  B.  &  O.  S.  W.  Eailway,  is 
the  large  No.  2  mine  of  the  Daviess  County  Coal  Company,  a 
section  of  the  shaft  of  which  shows : 

Section  of  Shaft  of  Mine  west  of  Montgomery. 

Feet,        Incktt. 

1.  Yellow  loess  clay  10  0 

2.  Sandstone   6  0 

3.  Coal  V  1  6 

4.  Hard  flinty  under-clay 1  3 

5.  Blue  clayey  shale   •. 20  0 

6.  Under-clay    4  0 

7.  Blue  shale 20  0 

8.  Coal  IV  3  6 

9.  Under-clay    ^ 10  0 

The  blue  shales,  Nos.  5  and  7,  and  the  under-clays,  Nos.  6  and 
9,  are  suitable  for  many  kinds  of  vitrified  clay  wares.  Large 
quantities  of  the  clay.  No.  9,  have  to  be  removed.  Although  of 
excellent  quality  it  is  not  utilized,  but  is  relegated  with  other 
refuse  to  the  dump  pile.  The  large  expense  necessary  to  mine 
and  raise  it  is  thus  wholly  lost. 

Near  the  center  of  section  23,  about  a  mile  north  of  Mont- 
gomery, is  the  Desser  slope  shaft,  where  coal  TV  is  mined.  A 
section  at  the  mouth  of  th^  slope  shows: 
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Section  of  Desner  Mirier  north  of  Montgomery, 

Feel.  '      Inches, 

1.  Drab  or  brown  to  yellow  sandy  shale 3+  0 

2.  Coal  IV  3  5 

3.  Under-clay    5  0 

4.  Shale    4 

5.  Coal  Illb    1  6 

By  utilizing  the  under-clay,  No.  3,  which  is  suitable  for  many 
kinds  of  clay  wares,  coal  Illb  could  also  be  mined  wdth  profit, 
making  a  total  of  about  five  feet  of  coal. 

Three-quarters  of  a  mile  southwest  of  Montgomery,  southeast 
quarter  of  section  27  (3  N.,  6  W.),  near  the  residence  of  Mike 
O'Hefferman,  an  outcrop  of  potters^  clay,  three  feet  thick,  occurs 
by  the  roadside.  It  has  been  tested  and  proved  of  good  quality 
for  the  making  of  ordinary  stoneware. 

The  city  of  Washington,  in  the  south  part  of  3  north,  7  west, 
is  situated  on  the  low  divide  separating  the  principal  forks  of  a 
small  stream  which  flows  westward  to  White  River.  .  It  is  sur- 
rounded on  all  sides  but  the  west  by  an  irregular  chain  of  hills. 
These  hills  are  highest  to  the  northeast  of  town  in  section  25, 
where  they  are  about  100  feet  above  the  surrounding  level.  They 
are  quite  low  just  east  of  the  city,  but  rise  as  they  cross  its  south- 
eastern corner  and  are  higher  to  the  south  and  southwest.  To 
the  northwest  of  Washington  there  is  only  a  broad  elevation.  A 
second  hill  rises  southwest  of  South  Washington,  separated  from 
the  previously  described  hills  by  a  low  space.  This  hill  runs 
west  to  the  river,  its  southern  edge  being  cut  down  by  the  trib- 
utaries of  Veale  Creek.  The  outcrops  of  coals  VII  and  VI,  with 
their  shales  and  under-clays,  occur  about  the  margins  of  these 
hills.  East  and  north  of  the  hills  about  Washington,  the  country 
is  very  level. 

The  yellow  loess  surface  clay  found  in  the  vicinity  of  Wash- 
ington, is  in  quality  much  above  the  average  of  the  surface  drift 
clays  of  the  counties  to  the  north.  It  is  almost  wholly  free  from 
lime  or  other  pebbles,  is  very  fine  grained,  and  the  deposits, 
averaging  15  to  18  feet  in  thickness,  are  of  uniform  character 
throughout.  It  can  be  made  into  a  fine,  dry-pressed  front  brick. 
The  ordinary  soft  mud  brick  made  from  it  are  harder,  tougher 
and  of  better  quality  generally  than  those  made  of  the  drift  clays 
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to  the  north.  Mixed  with  under-clay  or  shale  in  tho  ratio  of  one 
part  to  three,  this  clay  will  add  to  their  value  for  making  many 
products. 

On  the  land  of  Mrs.  K.  Shepherd,  two  miles  north  of  the  city, 
southeast  quarter  of  section  14  (3  N.,  7  W.),  a  blue  clayey  shale 
outcrops  along  the  banks  of  a  small  stream.  The  shale  is  exposed 
to  a  depth  of  ten  feet,  and  is  overlain  wuth  five  feet  of  yellow 
loess  clay  of  excellent  quality.  The  two  can  be  mixed  and  made 
into  dry  pressed  brick  and  many  other  products. 

One-half  mile  south  of  the  depot  of  the  B.  &  O.  S.  W.  Rail- 
way, at  the  point  where  the  bridge  on  the  Petersburg  road  crosses 
the  cut  of  an  old  railway  switch,  is  an  outcrop  of  "soapstone"  or 
soft  unctuous  shale,  20  feet  thick.  The  switch  could  be  easilv 
replaced  and  the  deposit  utilized.  The  clay  is  of  the  better 
.quality  and  suitable  for  many  purposes. 

At  Cable  &  Kaufmann's  No.  4  mine,  southwest  quarter  of 
section  3  (2  N.,  7  W.),  the  seam  of  coal  V  mined  is  so  thin  as  to 
necessitate  the  removal  of  several  feet  of  material  either  above 

I 

or  below,  in  order  to  make  height  for  mules  and  cars.  The 
undeir-clay  beneath  the  coal  is  of  fine  quality  for  making  terra 
cotta,  conduits  and  similar  products.  It  is  of  very  fine  texture, 
and  free  from  the  impurities  that  many  such  clays  contain. 
Thousands  of  tons  of  it  are  raised  each  year,  and  up  to  the  pres- 
ent the  dump  pile  has  been  its  landing  place.  The  vein  is  said 
to  be  seven  feet  thick,  of  which  the  upper  two  and  a  half  feet 
is  taken  out.  Above  the  coal  is  a  soft  gray,  clayey  shale,  which 
can  be  mixed  to  good  advantage  with  the  under-clay  and  the  two 
made  into  many  kinds  of  vitrified  products. 

A  few  rods  south  of  this  mine  a  bore  was,  about  1893,  put 
down  800  feet  in  search  of  coal.  At  this  depth  a  strong  flow  of 
mineral  water  was  obtained  which  continued  unabated  until  the 
well  was  plugged.*  A  record  of  this  bore  for  the  first  142  feet 
shows  the  presence  of  the  following  strata : 


^  For  a  fuHer  aoeoant  of  sod  analr'i"  of  thii  water,  see  tha  20th  (1895)  Report  of  this  De- 
partment, p.  96,  or  the  27th  Report  (1901),  p. 44. 
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Section  of  Bore  near  No,  4  Mine,  iovih  of  Washinffton, 

Fmi.      Inehta.       FMi,      Jkehea. 

1.  Soil  and  yellow  loess 13  0  13  0 

2.  Gray  sandy  shale 16  0  29  0 

3.  Coal  V   3  6  32  6 

4.  Under-clay    7  6  40  0 

5.  Gray  clayey  shale  12  0  52  0 

6.  Blue  clayey  shale   13  0  65  0 

7.  Gray  sandy  shale   22  0  87  0 

8.  Blue  clayey  shale  36  0  123  0 

9.  Dark  bituminous  shale 6  0  129  0 

10.  Coal  IVb 1  6  130  6 

11.  Blue  shale   11  6  142  0 

Of  these,  Nob.  4,  5,  6,  8  and  11  are  clays  suitable  for  manu- 
facturing purposes.  These  aggregate  80  feet  out  of  a  total  of 
142  and,  taken  in  conection  with  the  coal  and  the  switch  already 
in  place,  form  a  combination  hard  to  excel  for  a  great  clay  manu- 
facturing site. 

One  mile  east  of  Washington,  on  the  main  line  of  the  B.  &  O. 
S.  W.  Railway,  southwest  quarter  of  section  26  (3  N.,  7  W.),  is 
a  mine  controlled  by  Hyatt  Brothers,  a  section  of  the  shaft  of 
which  shows: 

Section  at  Hyatt  Bros,  Mine,,  east  of  Washington, 

Feet,         Imckea, 

1.  Surface  and  yellow  loess  clay 50  0 

2.  Dark  gray  shale  1  6 

3.  Coal  VI   3  4 

4.  Under-clay    3  6 

Samples  of  the  underplay  sent  to  this  office  by  the  owners  in 
1004  show  it  to  be  fine  grained  plastic  clay  with  traces  of  stig- 
maria  and  other  plant  fossils.  It  can  be  used  for  making  terra 
cotta,  encaustic  tile,  hollow  building  block,  conduits  and  similar 
products.  Much  of  the  clay  has  to  be  removed  to  make  height, 
and  its  handling  necessitates  quite  an  expense.  Under  such  con- 
ditions a  clay  industry  could  be  operated  very  cheaply. 

At  the  old  Wilson  shaft,  southeast  of  Washington,  in  the 
northwest  quarter  of  section  35,  coal  VI  was  found  to  be  over- 
lain with  16  feet  of  clay  shale  and  underlain  with  tliree  to  five 
feet  of  under-clay. 

At  the  Wilson  shafts,  Nos.  1  and  2,  just  east  of  the  corporate 
limits  of  Washington,  coal  VI,  now  largely  worked  out,  is  under- 
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lain  with  seven  feet  of  fire^slay.  Beneath  the  latter  is  a  gray 
sandstone  five  feet  in  thickness.  This  overlies  a  blue  clay  shale 
which,  according  to  bores  made  by  Thomas  Wilson,  one  of  the 
former  owners  of  the  mine,  is  37  feet  thick.  Mr.  Wilson  states 
that  the  shale  closely  resembles  that  used  at  Clinton  and  Brazil 
for  the  making  of  vitrified  street  brick.  ^ 

Township  2  North,  and  Part  of  1  North,  Ranges  5,  6  and  7  West. 

On  account  of  its  lack  of  transportation  facilities  but  little 
information  is  at  hand  regarding  the  clays  of  this  area,  which 
comprises  about  145  square  miles  of  the  southern  third  of  the 
county.  The  only  railway  entering  it  is  the  E.  &  I.,  which 
crosses  the  western  margin.  Coals  Illb  and  III,  with  accom- 
panying strata,  form  the  surface  rocks  of  the  eastern  third  of 

1  and  2  north,  5  west.  Coals  IV  and  V  occur  over  the  remain- 
der of  the  area ;  while  VI  is  found  in  the  northwestern  corner  of 

2  north,  7  west. 

At  the  Patterson  bank,  in  section  11  (2  N.,  5  W.),  coal  III, 
four  feet  thick,  has  16  to  18  feet  of  workable  shale  above  and  a 
fair  quantity  of  under-clay  beneath. 

Just  west  of  Alfordsville,  in  the  southwest  quarter  of  section 
34  (2  N.,  5  W.),  the  shaft  of  the  Denson  mine  showed  an  aggre- 
gate of  27  feet  of  workable  shales  and  under-clays  above  the 
worked  vein,  coal  III,  found  at  a  depth  of  39  feet. 

On  the  farm  of  Cross  Bros.,  northeast  quarter  of  section  17 
(2  N.,  6  W.),  a  shaft  sunk  to  a  depth  of  14  feet  in  search  of  gold 
and  platinum,  showed  the  following  section : 

Section  of  Shaft  on  Cross  Bros.  Farm, 

rMf* 

1.  Soil  and  surface  clay 4 

2.  Dove-colored  clayey  shale  6 

3.  Dark  bituminous  shale 4 

Shale  No.  2  is  a  soft  "soapstone,"  divided  into  thin  layers  or 
laminffi,  between  which  is  a  thin  incrustation  of  oxide  of  iron. 
This  was  pointed  out  to  me  as  a  gold  bearing  material,  and  the 
statement  was  made  by  Mr.  F.  M.  Cross  that  it  had  been  assayed 
and  found  to  contain  gold  to  the  amount  of  $36  to  the  ton.  It  is 
needless  to  say  that  such  a  statement  is  absurd.    The  shale  will 
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make  a  fair  quality  of  vitrified  brick  or  sewer  pipe,  but  all  the 
gold  and  platinum  contained  in  forty  acres  of  it  would  not  pay 
one-twentieth  of  the  amount  spent  in  sinking  the  shaft. 

Within  the  past  ten  years  more  than  five  .millions  of  vitrified 
brick  and  block  from  Evansville,  Indiana,  Athens,  Ohio,  and 
other  points  have  been  shipped  to  AVashington  and  put  down  in 
the  streets.  These  have  cost  from  $10  to  $14  per  thousand.  The 
raw  material  for  making  them  and  the  fuel  for  burning  them 
was  to  be  found  in  abundance  within  two  miles  or  less  of  the 
spot  where  they  were  laid.  The  sum  sent  out  of  the  county  in 
payment  for  this  paving  material  would  ha-ve  paid  for  a  good 
plant  for  manufacturing  it,  which  would  have  furnished  labor 
for  many  hands. 

The  B.  &  O.  S.  W.  and  the  E.  &  I.  railways,  or  their  switches, 
pass  through  or  close  to  many  of  the  leading  deposits  above  men- 
tioned, and  connect  the  city  of  Washington  with  numerous  towns 
in  Illinois  and  Indiana  where  paving  brick,  and  other  clay  prod- 
ucts will,  in  the  future  be  used  in  quantity.  The  people  of 
Daviess  County  should  see  to  it  that  one  or  more  factories  are 
soon  erected  for  utilizing  on  a  large  scale  some  of  the  excellent 
clay  materials  which  occur  within  the  county  limits. 

\ 

MARTIN  COUNTY. 

Near  the  center  of  the  southwestern  fourtli  of  the  State  is  the 
county  of  Martin,  comprising  an  oblong  strip  of  territory,  340 
square  miles  in  area.  Its  maximum  length  from  north  to  south 
is  28  miles,  and  its  greatest  width  13  miles.  It  lies  south  of 
(ireene,  cast  of  Daviess,  north  of  Dubois  and  west  of  Orange  and 
Lawrence  counties. 

Three  geological  epochs  are  represented  in  the  surface  rocks  of 
the  county,  viz.,  the  Coal  Measures  and  Mansfield  Sandstone  of 
the  (Carboniferous  and  the  Huron  limestones  and  sandstones  of 
the  Lower  Carboniferous  Periods.  The  Mansfield  Sandstone 
covers  at  least  two-thirds  of  the  area,  the  Coal  ^Measures  proper 
l)eing  found  only  in  the  southwestern  corner  and  in  irregular 
isolated  patches  on  the  tops  of  the  liigher  hills  and  ridges  of  the 
central  portion.  The  Huron  Group  is  mainly  confined  to  the 
eastern  third,  though  it  has  been  exposed  along  the  streams  north 
of  the  center  and  along  White  River  to  a  point  west  of  Shoals. 
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With  the  exception  of  the  extreme  northern  portion,  which  is 
drained  by  Furae  Creek  into  the  West  Fork,  the  entire  county 
is  drained  into  the  East  Fork  of  White  River.  This  river  is  a 
stream  of  some  importance,  having  its  head  in  the  eastern-central 
part  of  the  State.  It  enters  Martin  County  near  the  middle  of 
its  eastern  border,  and  flows  in  many  meandering  curves  to  near 
the  southwestern  corner,  where  it  turns  to  the  west  and  forms  a 
small  portion  of  the  southern  boundary.  From  the  north  part  of 
the  county  it  receives  Indian  and  Boggs  creeks,  while  from  the 
eastern  and  southern  portions  Beaver  Creek  and  Lost  River 
enter. 

The  abundant  shales  which  give  to  Daviess  County  on  the  west 
so  much  of  its  level  character  are  here  wanting,  and  massive 
sandstones  and  limestones  prevail.  Moreover,  most  of  the  county 
is  unglaciated.  It,  therefore,  has  all  the  characteristic  rugged- 
ness  of  a  region  in  which  these  conditions  prevail.  White  River 
and  its  main  tributaries  have  been  the  chief  agents  in  carving  the 
surface  rocks  into  fantastic  shapes  and  ploughing  those  deep 
giilches  and  valleys  which  are  so  })rominent  a  part  of  the  scenery 
of  the  county.  In  the  northern  portion,  between  Indian  and 
Boggs  creeks  is  an  almost  continuous  ridge  from  100  to  250  feet 
above  the  valleys.  From  it  project  numerous  nearly  level  arms 
between  the  branches  of  the  two  creeks.  East  of  Boggs  Creek 
the  county  is  so  broken  that  the  greater  ]>art  of  it  can  not  be 
cultivated.  South  and  east  of  White  River  the  surface  is  still 
more  rugged  than  that  north  of  White  River,  due  to  the  Mans- 
field sandstone  here  being  more  massive  and  probably  thicker. 
As  before,  the  ridges  are  narrow  on  top,  the  valleys  broad. 
Often  .  the  Mansfield  sandstone  produces  high  penpendicular 
bluffs,  or  nearly  as  steep  slopes,  50  to  100  feet  high. 

The  one  thing  most  needed  in  Martin  County  is  a  north  and 
south  railway.  Two  railways  cross  the  county  from  east  to  west, 
viz.,  the  B.  &  O.  S.  W.  near  the  center  and  the  Southern  Indiana 
across  the  northern  third.  With  a  north  and  south  road  to  con- 
nect the  two,  many  of  the  undeveloped  resources  of  the  county 
could  bo  put  to  use. 

Coal  I,  at  the  base  of  the  Mansfield  sandstone  and  resting  on 
the  Huron  limestone  or  sandstone  is  the  principal  coal  fojmd  in 
Martin  County.    It  ranges  from  0  up  to  three  and  a  half  or  four 
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feet  in  thickness,  usually  has  a  good  vein  of  under-clay  beneath, 
and  often  is  overlain  with  shale.  Where  long  exposed  in  the 
slopes  of  hills,  its  under-clay  has  weathered  into  a  fine  quality  of 
potters'  clay. 

Again  in  a  number  of  places  the  coal  is  lacking,  and  in  the 
same  horizon  lies  a  bed  of  kaolin.  This  shows  well  at  Johnson 
and  Chenoweth's  coal  mine  and  kaolin  bank  on  opi)osite  sides  of 
Millstone  branch  west  of  Shoals.  In  eastern  Martin  and  Law- 
rence counties  the  coal  is  commonly  wanting,  while  kaolin  occurs 
at  its  horizon. 

Coal  III  is  the  only  member  of  the  Coal  Measure  veins  found 
in  the  county.  As  noted  above,  it  occurs  only  in  the  slopes  or 
crests  of  the  higher  and  more  prominent  hills.  The  under-clay 
beneath  this  coal  can  be  made  into  a  variety  of  products. 

Townships  5  and  ^  North j  Ranges  8  and  J/.  West. 

This  area  of  150  square  miles  lies  in  and  comprises  the  greater 
portion  of  the  northern  half  of  the  county.  The  Southern  Indi- 
ana Railway  runs  east  and  west  near  its  center.  The  coals  and 
shales  are  confined  to  the  western  half  of  the  area. 

In  the  southwest  quarter  of  section  31  (3  N.,  3  W.),  the  South- 
ern Indiana  Railway  runs  through  a  tunnel  several  hundred  teet 
in  length.  Coal  III  occurs  on  the  bighest  part  of  the  ridge,  but 
is  cut  out  across  the  low  places  over  the  tunnel.  At  the  eastern 
end  of  the  tunnel  the  following  section  is  exposed : 

Section  at  East  End  of  Tunnel  on  S.  /.  RaUway. 

Feet.        IneKet. 

1.  Sandstone,  hidden. 

2.  Gray  sandstone   6  0 

3.  Blue  clayey  shale 10  0 

4.  Sandstone    4  0 

5.  Shale 10  0 

0.  Sandstone    3  0 

7.  Shale 10  0 

8.  Coal   I    8  to  10 

0.    Sandstone   1  to  3  0 

10.    Shale  with  thin  beds  of  liniestono 20  0 

Shale  3,  and  parts  of  5,  7  and  10  can  be  made  into  vitrified 
wares  of  many  kinds.     Nos.  5  and  7  probably  contain  too  high 
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a  percentage  of  silica  to  work  into  hollow  goods^  such  as  sewer 
pipe,  building  block,  etc  For  these  wares  the  upper  and  lower 
shales  will  be  found  most  suitable.  The  more  sandy  middle  shale 
will  make  paving  brick  for  streets,  and  either  stiif  or  soft  mud 
bricks  for  building  purposes.  At  the  west  end  of  the  tunnel  the 
shales  above  coal  I  are  cut  out  by  a  fault,  but  No.  10  shale,  with 
thin  layers  of  interbedded  limestone  is  15  feet  thick. 

Just  west  of  the  tunnel  the  strata  are  faulted  with  a  down- 
throw of  about  40  feet  to  the  west.  This  brings  coal  III  well 
down  into  the  hill,  though  it  is  still  50  or  60  feet  above  coal  I. 
It  is  there  three  feet  four  inches  thick,  including  seven  inches  of 
bone  coal  at  the  bottom.  It  is  overlain  by  eight  inches  of  shale 
and  bone,  then  by  15  feet  of  blue  shale,  the  latter  of  good  quality 
for  vitrified  products. 

At  the  Field  bank,  in  the  northwest  quarter  of  section  5  (5  N., 
3  W.),  coal  III  is  two  feet  three  inches  thick,  with  10  feet  of 
workable  blue  clay  shale  above.  At  the  Porter  bank,  in  the 
northwest  of  6  (5  N.,  3  W.),  a  good  vein  of  under-clay  lies  be- 
neath the  coal,  as  also  at  the  Smith  mine,  in  the  northwest  of 
section  9. 

At  the  Boggs  Creek  cut,  on  the  Southern  Indiana  Railway, 
northeast  comer  of  section  4  (4  N.,  4  W.),  the  following  section 
is  exposed: 

Section  at  Boggs  Creek  Cut. 

Feet.         Imchti, 

1.  Yellow  surface  clay 1  0 

2.  Thin  sheety  shale  2  0 

3.  Coal  I    0  4 

4.  Under-clay    2  8 

5.  Gray  clayey  shale  14  0 

Both  under-clay  and  shale  are  suitable  for  many  kinds  of  vit- 
rified wares,  such  as  paving  brick,  sewer  pipe,  hollow  brick,  etc. 
With  a  railway  on  the  spot  and  plentiful  fuel  a  few  miles  to  the 
northwest,  the  clay  deposits  along  this  cut  will  well  justify  the 
erection  of  a  large  clay  manufacturing  plant. 

In  4  north,  3  west,  coal  I,  nearly  three  feet  thick,  is  rained  at 
the  Payton  &  Craig  banks  in  the  southeast  quarter  of  section  6. 
Above  the  coal  is  blue  clayey  shale  and  below  it  a  fair  bed  of 
under-clay.  In  the  northwest  quarter  of  section  17  the  same 
vein  of  coal  overlies  three  feet  of  under-clay. 
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Three-fourths  of  a  mile  south  of  the  old  site  of  the  Indian 
Springs  Hotel,  in  the  northwest  quarter  of  section  20  (4  N.,  3 
W.),  is  a  large  deposit  of  kaolin  which,  a.  number  of  years  ago, 
was  worked  for  some  time,  but  is  now  abandoned.  A  horizontal 
shaft  entei's  the  side  of  a  large  hill,  and  on  entering  it  a  soft, 
shelly  pinkish  sandstone  is  seen  above  the  deposit.  Several  tons 
of  the  pinkish  brown  variety  of  the  kaolin  were  beneath  a  shed  to 
which  a  tramway  from  the  mine  was  constructed.  Numerous 
pieces  of  lamellar  iron  ore,  which  had  come  from  near  the  base 
of  the  -kaolin  stratum,  were  scattered  about  the  mouth  of  the 
shaft.  In  the  side  entries,  100  to  150  feet  back  from  the  en- 
trance, the  upper  half  of  the  vein  of  kaolin,  here  four  and  a  half 
feet  thick,  was  jmre  white,  and  almost  equal  in  quality  to  the  best 
of  that  found  at  the  main  exposure  near  Huron,  LawTence 
County.  At  the  time  of  my  visit  no  one  was  present  at  the  mine 
and  1  could  not  ascertain  what  disposition  had  been  made  of  that 
taken  out,  nor  why  the  mine  had  been  abandoned. 

Townsliips  3  and  2  North,  Ranges  8,  Jf  and  Part  of  5  West. 

In  this  area  of  156  square  miles,  occur  some  of  the  most  avail- 
ble  shale  and  under-clay  deposits  of  Martin  County.  In  3 
north,  3  west,  east  and  north  of  Shoals,  only  coal  I  occurs  and  it 
is  found  above  drainage.  In  the  northeast  quarter  of  section  26 
the  coal  is  17  inches  thick,  w4th  six  foet  of  clay  shale  above,  and 
two  feet  of  under-clay  beneath.  In  the  southeast  quarter  of 
section  18  it  is  overlain  by  two  feet  of  shale  and  has  two  feet  of 
under-clay  Ixnumth.  Outcrops  of  kaolin  at  the  horizon  of  coal 
I  are  expose<l  in  the  northeast  quarter  of  section  15  and  the 
southwest  of  secti(m  14  (3  N.,  3  W.),  but  the  thickness  of  the 
l>cds  is  not  known. 

In  the  northeast  quarter  of  section  1  (4  N.,  4  W.),  near  the 
base  of  the  north  slope  of  the  hill  on  which  the  town  of 
Dover  Hill  is  located,  (K*eurs  a  fine  expoyiure  of  kaolin.  Here,  on 
the  land  of  James  Yarnell,  a  slope  shaft  about  50  feet  long,  and 
constructed  in  a  crude  uumner,  was  put  in  a  few  years  ago  to 
determine  the  thickness  and  quality  of  the  stratum.  Above  the 
kaolin  is  a  soft,  ])inkish  sandrock,  whicli  cnimbles  readily  \vhen 
exposed  to  air.     At  the  time  of  my  visit  the  props  supporting  this 
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roof  had  in  places  decayed  away  and  allowed  the  crumbling  sand- 
stone to  fall  down  and  cover  the  entry  to  the  depth  of  several 
feet,  so  that  much  difficulty  was  experienced  in  getting  into  the 
shaft.  Once  in,  the  kaolin  stratum  was  found  to  vary  between 
four  and  five  feet  in  thickness.  This,  for  the  most  part,  was  an 
amorphous  pinkish  brown  material,  made  up  of  small  granular 
masses.  The  color  was  evidently  due  to  its  being  impregnated 
with  oxide  of  iron  by  the  leaching  of  the  surface  waters  through 
the  overlying  sandstone. 

In  the  upper  part  of  the  stratum  were  many  nodular  masses 
three  inches  in  diameter  or  less,  and  exteriorly  somewhat  resem- 
bling geodes  in  appearance.  The>se  were  easily  broken  by  the 
liands,  the  interior  being  a  soft  pearly  white,  opal-like  mass  of 
pure  kaolin.  When  exposed  to  the  air  this  loses  its  transparent 
properties,  and  hardens  in  a  few  weeks  into  a  flint-like  l)ody.  At 
intervals  in  the  stratum  of  kaolin  are  found  large  irregular  masses 
of  hard  gray  limestone,  containing  many  fragments  of  crinoid 
stems  and  other  small  fossils.  At  the  base  of  the  stratum  numer- 
ous rough,  lamellar  masses  of  iron  oxide  (limonite)  averaging 
about  six  inches  in  thickness  are  often  found.  These  rest  upon  a 
dark  soapstone  or  shale,  the  depth  of  which  could  not  be  deter- 
mined. A.  careful  examination  of  the  surroundings  leads  me  to 
believe  that  the  stratum  of  kaolin  will  tliicken  somewhat,  and  be- 
come much  purer  in  quality  farther  back  under  the  hill.  The 
same  stratum  outcrops  again  on  the  south  and  west  sides  of  the 
hill  or  ridge  upon  which  Dover  Hill  is  situated,  and  undoubtedly 
underlies  the  whole  ridge  at  a  depth  of  125  to  140  feet.  The 
greater  part  of  this  tract  of  land  belongs  to  Dr.  A.  W.  Porter, 
of  Loogootee. 

South  of  White  Kiver  and  west  of  Shoals  coal  I  lies  just  above 
drainage.  At  the  Johnson  and  Chenoweth  bank,  two  and  a  half 
miles  west  of  Shoals  and  a  half  mile  south  of  the  B.  &  O.  S.  W. 
Railway,  in  the  northeast  quarter  of  section  27,  coal  T  is  from 
two  feet  six  inches  to  three  feet  six  inches  thick,  with  from  six 
inches  to  three  feet  of  black  shale  separating  it  from  the  Mans- 
field sandstone,  which  is  here  conglomoritic  and  massive,  40  to  50 
feet  thick.  Below  is  three  feet  and  over  of  a  good  quality  of 
under-clay ;  then  comes  the  Huron  limestone.     Coal  was  mined  at. 

18— Geology. 
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this  point  at  a  very  early  day,  and  shipped  down  the  river  in  flat- 
boats.  An  attempt  was  at  one  time  made  to  mine  this  coal  exten- 
sively and  carry  it  across  the  river  on  a  wire  rope,  but  the  equip- 
ment failed  to  work  satisfactorily,  and  the  attempt  was  aban- 
doned.  Just  east  of  this,  across  a  small  branch  known  as^  Mill- 
stone branch,  the  coal  is  replaced  by  a  bed  of  kaolin,  into  which 
a  slope  or  drift  shaft,  40  feet  long,  has  been  excavated.  The 
kaolin  here  is  four  and  a  half  to  five  feet  in  thickness,  but  is  not 
uniform  in  character,  three  or  four  varieties  being  mixed  and 
interstratifled  in  irr^ular  layers.  Of  these  the  uppermost  is  a 
hard,  semi-transparant,  milky  colored  clay ;  the  next  lower  a  soft 
chalky  white  to  cream  colored ;  the  third  layer,  a  hard  dark  amber 
brown  to  black,  containing  much  iron  oxide,  and  the  fourth  or 
bottom  layer  a  dirty  yellowish  brown  clay  of  much  hardness.  Ac- 
cording to  Ashley,  it  might  be  said  that  '^coal  I  had  here  been 
burned  out,  kaolinizing  the  under-clay,  which  is  now  all  that  lies 
between  the  Huron  limestone  and  the  Mansfield  sandstone,  which 
rises  in  a  bluff  above  it  for  40  feet."  The  shaft  was  put  in  more 
for  prospecting  purposes  than  anything  else,  and  but  little  of  the 
kaolin  has  as  yet  been  used.  A  bore  put  down  on  the  opposite 
side  of  the  ridge  proved  the  presence  of  this  kaolin  stratum  at  a 
depth  of  40  feet. 

A  pottery  was  established  at  Shoals  about  1870,  and  continued 
in  operation  until  1892,  when  it  was  merged  into  the  Indiana 
Clay  and  Specialty  Works,  which  for  a  time  manufactured  stone- 
ware, vases,  etc.,  on  an  extensive  scale,  but  on  account  of  dis- 
agreement among  the  owners  was  finally  abandoned.  The  clay 
used  was  of  two  kinds,  and  was  secured  at  Sampson's  Hill,  two 
miles  southeast  of  Shoals,  in  the  southeajst  of  the  northeast  of 
section  6  (2  N.,  3  W.),  where  the  following  section  was  obtained 
from  the  top  of  the  hill  through  the  under-clay  of  coal  Ilia : 

Section  at  Sampson's  Hill. 

Feet,         htehea. 

1.  Upper  slope,  loose  fragments  of  gray  sandstone 

not  in  place 15  0 

2.  Dark  blue  potters'  clay 6  0 

3.  Shaly  Impure  coal  Ilia 1  0 

4.  Light  gray  sandy  under-clay 4  6 
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Of  these,  Nos.  2  and  4  were  combined  in  varying  proportions 
according  to  the  kind  of  wares  required.  Both  are  good  clays  for 
stonewares,  terra  cotta  and  hollow  block,  .being  comparatively  free 
from  impurities  and  containing  silica  in  the  proper  proportion  to 
prevent  the  wares  from  air-cracking  while  drying  and  cooling. 

On  the  Fordice  land,  in  the  northeast  quarter  of  section  6,  the 
same  clays  have  been  worked  in  connection  with  coal  Ilia,  here 
15  inches  thick.  On  the  south  side  of  Sampson  Hill,  in  the  south- 
west of  the  northwest  of  section  5  (2  N.,  3  W.),  coal  III  is  mined. 
It  is  here  three  or  more  feet  in  thickness,  and  overlies  a  four  to 
five  foot  bed  of  dark  gray  potters'  clay. 

In  the  vicinity  of  Loogootee,  near  the  western  edge  of  Martin 
County,  occur  a  number  of  deposits  of  shales  and  under-claye 
worthy  of  development.  Loogootee  is  a  growing  town  of  about 
2,000  population,  located  on  the  B.  &  O.  S.  W.  Railway.  Nat- 
ural gas  has  been  found  over  quite  an  area  just  south  of  the  town, 
and  is  used  for  heating  and  manufacturing  purposes.  Some  of 
the  under-clays  in  the  vicinity  have  been  used  for  a  long  time  by 
local  potters. 

About  two  miles  north  of  Loogootee  a  small  pottery  was  started 
in  1842  by  Upton  Stucty,  and  continued  in  operation  until  1892. 
The  clay  used  was  obtained  on  an  adjoining  farm,  now  owned  by 
Mrs.  Charlotte  Wood,  where  it  outcrops  along  a  branch  of  Little 
Boggs  Creek  from  beneath  coal  I.  The  stratum  of  clay  is  here 
three  feet  thick  and  is  obtained  by  easy  stripping.  The  same  clay 
outcrops  in  one  or  two  other  places  on  the  same  land,  but  the 
stripping  necessary  to  get  at  it  is  more  extensive.  It  is  also  ex- 
posed in  ditches  along  the  Burns  City  Pike,-  between  Loogootee 
and  the  Woods  farm.  According  to  Mr.  Stucky,  it  makes  a  "nice 
blue  stoneware  which  does  not  check  in  drying."  Two  other  pot- 
teries have,  in  the  past,  drawn  their  supplies  of  clay  from  this 
same  deposit. 

On  the  Van  Hoy  land,  just  south  of  that  of  Mrs.  Wood,  in  the 
northwest  quarter  of  section  13  (3  N.,  5  W.),  a  coal  outcrops,  and 
the  following  section  was  obtained: 
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Section  on  Van  Hoy  Farmt  a  mHe  and  a  half  north  0/  lAwgooiee. 

Feet,         Jnehet. 

1.  Surface    4  0 

2.  Sandstone   12  0 

3.  Shale    1  0 

4.  Coal    1  3 

5.  Under-clay    7  0 

6.  .  Shale    10  0 

7.  Limestone,  impure   1  4 

8.  Shale    9  0 

9.  Coal    G 

10.    Under-clay 3  0 

Of  the  strata  given,  Nos.  5,  6,  8  and  10,  aggregating  29  feet, 
will  be  found  suitable  for  many  kinds  of  clay  products.  One  or 
two  of  the  shales  mentioned  also  outcrop  along  the  roadside  be- 
tween here  and  Loogootee. 

A  yellow  loess  olay  of  excellent  grade  oi^curs  as  a  surface  de- 
posit in  the  immediate  vicinity  of  Loogootee.  In  tlie  eastern  suIh 
urbs  of  the  town  it  is  used  on  a  large  scale  by  Lawhead  Bros,  and 
Moran  Bros,  in  the  making  of  soft  mud  brick,  both  firms  having 
a  combined  output  of  two  and  a  half  million  during  the  season 
of  1904.  Their  plants  are  located  on  spurs  of  the  B.  &  O.  S.  AV. 
Railway  and  the  clay,  used  to  a  depth  of  six  to  nine  feet,  requires 
no  stripping  and  is  free  from  lime  pebbles  and  all  other  impuri- 
ties. The  brick  are  burned  by  natural  gas,  which  cost  10  cents 
per  1,000  cubic  feet  in  1904,  averaging  about  75  cents  per  1,000 
brick  for  the  burning.  The  same  yellow  loess  clay  is  exposed 
along  the  B.  &  O.  S.  W.  Kailway  both  east  and  west  of  T-oogootee, 
and  sites  for  many  brick  factories  are  there  available,  it  could 
be  used  for  pressed  front  brick  and^  mixed  with  the  underlying 
shale,  for  a  variety  of  clay  wares. 

On  the  John  S.  Larkin  farm,  one-half  mile  east  of  Ix)ogootee, 
the  upper  portion  of  a  blue  clayey  shale  dei)osit  is  exposed  to  a 
thickness  of  three  or  more  feet  for  a  hundred  yards  or  more  up  a 
shallow  ravine.    It  is  overlain  with  from  two  to  eiffht  feet  of  vel- 

V 1  a, 

low  loess  clay  and  gravel.  In  an  oil  well  on  the  same  farm  tlie 
shale  stratum  was  found  to  be  50  or  more  feet  in  thickness.  Sam- 
ples of  shale  from  the  Larkin  outcrops  were  analyzed  by  Dr. 
Noyes,  and  their  composition  found  to  be  as  follows : 
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Analysis  of  Shale  from  Larkin  Farm,  near  Loogoolee, 

Silica   (SIOJ    59.64 

Titanium  oxide  (TIOJ 70 

Alumina  (AljO^  18.93 

Water,  combined  (H,0) 5.88 

Clay  base  and  sand 85.15 

Ferric  oxide   (Fe,0,) 1.(52 

Ferrous  oxide  (FeOa) .  .• 5.01 

Lime  (€aO) 85 

Magnesia  (MgO)   1.80 

Potash  (KjO)    3.6G 

Soda  (Na,0)   81 

Fluxes   : 13.75 

Carbon  dioxide  (COJ 2.22 

Total    101.12 

The  shale  is  a  light  blue,  gritless  material,  and  the  analysis 
shows  its  chemical  fitness  for  making  all  kinds  of  vitrified  prod- 
ucts, such  as  paving  brick,  sewer  pipe,  hollow  brick,  etc.  Its  com- 
position is  very  near  that  of  the  standard,  mentioned  on  page  82. 
Mr.  Noah  Moser,  a  banker  at  Loogootee,  showed  me  samples  of 
dry-pressed  front  brick  made  from  the  shale  by  C.  W.  Raymond 
&  Co.,  Dayton,  Ohio.  They  were  very  hard  and  tough,  a  uniform 
dark  cherry  red  in  color,  and  a  high-grade  brick  in  every  respect. 

Just  north  of  the  Larkin  land  Mr.  Moser  owns  38  acres  under- 
lain  by  the  same  stratum  of  shale,  the  latter  outcropping  on  the 
western  slope,  within  200  yards  of  the  main  line  of  the  B.  &  O. 
S.-W.  Railway.  A  small  tract  of  lowland  at  the  foot  of  the  slope 
and  nearly  on  a  level  with  the  railway  grade  offers  an  excellent 
site  for  a  clay  industry.  In  a  test  well  put  down  on  the  line 
between  the  Larkin  and  Moser  lands,  to  secure  samples  for  burn- 
ing, the  shale  stratum  was  25  feet  6  inches  thick,  and  its  bottom 
not  reached.  Enough  is  exposed  on  the  slopes,  with  easy  strip- 
ping above,  to  last  a  large  factory  for  many  years.  % 

On  the  Joseph  Cannon  farm,  half  a  mile  soutlieast  of  Loogootee, 
is  a  bed  of  light  gray  jx>tters'  clay,  which  has  been  used  for  26 
years  in  a  pottery  in  the  town.*  The  owner,  John  H.  Folks, 
makes  stoneware,  flowerpots,  etc.,  from  the  clay,  and  finds  it  in 
every  way  suited  to  his  purpose.    The  stratum  of  potters'  clay  is 

*For  description  see  under  Section  IV. 
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nearly  five  feet  thick  and  underlies  a  thin  vein  of  coal.  Above  it 
is  five  feet  of  yellow  loess  clay,  which  must  be  stripped.  In  1903 
Mr.  B.  Keily  operated  this  clay  bank,  and  shipped  43  carloads,  or 
almost  1,200  tons,  of  the  potters'  clay  to  the  John  Bauer  pottery, 
at  Louisville,  Ky.  He  paid  10  cents  per  ton  royalty  and  $1.00  per 
ton  freight,  besides  the  expense  of  stripping  and  getting  out  and 
loading  the  clay,  so  that  the  latter  cost  the  Bauer  Company  about 
$2.25  per  ton  at  Louisville.  They  pronounced  the  clay  of  fine 
quality,  better  than  the  Huntingburg  potters'  clay  for  their  pur- 
pose, but  considered  the  freight  charges  too  high,  and  hence  aban- 
doned the  bank. 

With  such  a  variety  of  yellow-loess  potters'  clays  and  shales  in 
the  vicinity ;  >vith  cheap  fuel,  either  natural  gas  or  coal,  and  with 
a  prominent  railway  like  the  B-  &  O.  S.-W.  all  at  hand,  the  citi- 
zens of  Loogootee  should  put  forth  sufficient  energy  to  locate  sev- 
eral clay  industries  of  large  size  near  the  town. 

DUBOIS  COUNTY. 

Dubois  County  is  located  in  the  southwestern  part  of  the  State, 
and  is  bounded  on  the  north  by  Da\n[ess  and  Martin,  on  the  east 
by  Orange,  Crawford  and  Perry,  on  the  south  by  Perry,  Spencer 
and  Warrick,  and  on  the  west  bv  Warrick  and  Pike  counties.  In 
general  shape  the  county  is  rectangular,  with  an  uneven  northern 
boundary  and  southeastern  corner.  Its  maximum  length  from 
nortn  to  south  is  22  miles  and  greatest  width  21  miles,  its  area 
being  about  426  square  miles. 

Three  geological  epochs  are  represented  in  the  rocks  of  the 
county,  viz.,  the  Huron  limestones  and  sandstones  of  the  Lower 
Carboniferous  and  the  Mansfield  Sandsftone  and  Coal  Measures  of 
the  Carboniferous  Periods.  The  rocks  of  the  Huron  group  occur 
only  in  small  isolated  areas  along  Patoka  Kiver  and  its  tributaries 
in  the  northeastern  part  of  the  county  and  along  the  headwaters 
of  Anderson  Creek,  in  the  southeastern  comer.  The  Mansfield 
sandstone  covers  the  greater  part  of  the  eastern  third  of  the 
county,  and  at  the  points  mentioned  has  been  eroded  through, 
thus  exposing  the  underlying  Huron  rocks.  The  Coal  Measures 
cover,  for  the  most  part,  the  western  two-thirds,  but  on  the  higher 
ridges  reach  the  eastern  boundary  of  the  county. 
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The  eastern,  and  especially  the  northeastern,  townships,  where 
the  Mansfield  Sandstone  forms  the  surface  rocks,  are  broken  with 
numerous  liills  and  ridges,  the  hills  in  many  places  rising  from  75 
to  200  feet  above  the  creek  and  river  valleys.  To  the  southwest, 
along  the  Patoka  River,  and  west  of  Huntingburg,  the  hills  are 
not  so  high  and  precipitous,  running  from  60  to  150  feet  in  height, 
usually  with  rather  gentle  slopes.  The  northwestern  portion  is 
more  level  and  underlain  with  the  Coal  Measures  strata,  though 
being  deficient  in  railway  facilities,  but  few  mines  are  worked, 
and  they  only  to  supply  the  local  trade. 

The  county  is  abundantly  supplied  with  water  courses.  The 
East  Fork  of  White  River  forms  the  greater  part  of  its  northern 
boundary,  and  the  northwestern  comer  is  drained  through  a  num- 
ber of  small  streams  directly  into  it.  The  Patoka  River,  a  slow, 
sluggish,  very  meandering  stream,  flows  in  a  southwesterly  direc- 
tion through  the  center  of  the  county,  and  its  numerous  branches 
ramify  through  the  eastern  and  southern  areas.  Its  main  tribu- 
taries are  Lick  Fork,  Beaver,  Straight,  Henley  and  Elk  creeks 
and  their  smaller  branches.  Anderson  Creek  flows  across  the 
southeastern  corner  and  Pigeon  Creek  rises  in  the  southwestern 
corner,  both  flowing  southwesterly  into  the  Ohio  River. 

The  St.  Louis  Division  of  the  Southern  Railway  and  its  branches 
furnish  the  only  transportation  facilities  of  Dubois  County.  The 
main  line,  between  Louisville  and  St.  l^uis,  crosses  the  county 
from  east  to  west,  a  little  south  of  the  center.  From  it,  at  Hunt- 
ingburg, diverge  the  Jasper  branch,  running  north  to  Jasper,  the 
county  seat,  and  the  Evansville  branch,  running  south  to  Lincoln 
City,  and  then  southwest  to  Evansville.  The  northern  half  of  the 
county  is  wholly  lacking  in  railway  facilities. 

Coals  IV,  III,  Ilia,  II  and  I,  with  their  intervening  shales  and 
under-clays,  occur  in  the  county,  coal  IV  being  limited  to  the 
western  third. 

Totvnship  1  North,  Parts  of  Ranges  3,  J^,  5  and  6  West. 

This  area  of  about  65  square  miles  lies  along  the  northern 
border  of  the  county,  12  to  20  miles  from  the  nearest  railway. 

At  the  W.  A.  Line  mine,  in  the  northwest  quarter  of  section  15 
(1  N.,  3  W.),  a  section  showed : 
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Section  ai  Line  Mine. 

Feci,         Inchet, 

1.  Surface. 

2.  Gray,  rather  soft  shale 3  0 

3.  Coal  II    2  10 

4.  Dark  gray   clay 10+ 

Shale  and  under-clay  Nos.  2  and  4  can  both  be  used  for  various 
clay  wares.  The  coal  lies  about  35  feet  above  the  bed  of  the 
branch  below  it.  The  same  bed,  of  coal  and  underlying  clay  out- 
crops in  the  southeast  corner  of  section  18. 

Coal  I,  with  a  fair  grade  of  under-clay  which,  when  weathered, 
will  make  a  good  potters'  clay,  outcrops  in  the  southeast  quarter 
of  section  20,  the  northwest  quarter  of  section  21  and  the  north- 
west quarter  of  section  34  (1  N.,  3  W.).  At  the  latter  place  coal  I 
is  mined  at  the  Sutton  banks,  and  the  under-clay  is  nine  feet  thick 
and  of  good,  workable  quality.  On  the  W.  R.  Combs  land,  in  the 
southeast  quarter  of  20,  the  under-clay  is  10  feet  thick  and  rather 
hard  and  shale-like  in  appearance.  It  can  be  made  into  vitrified 
and  ordinary  brick,  but  is  not  of  good  quality  for  hollow  goods. 
The  survey  of  the  proposed  French  Lick  &  Jasper  Railway  passes 
close  to  these  deposits. 

In  township  1  north,  4  \yest,  exposures  of  under-clay  occur  on 
the  J.  W.  Neukom  place,  in  the  southeast  of  section  35,  and  on 
the  W.  Neukom  farm,  in  the  northwest  of  32. 

At  both  the  Kudolph  slope  mine,  in  the  southeast  of  21,  and 
Brittain's  mine,  in  the  southeast  of  36  (1  N.,  5  W.),  the  under- 
clay  is  three  or  more  feet  thick,  and  the  overlying  coal,  Illb,  two 
feet  ten  inches  thick. 

Township  1  South,  Bangcs  S,  4,  5  arid  Part  of  6  West. 

• 

In  the  eastern  two-thirds  of  this  area  of  12G  square  miles  only 
coals  I  and  TI  occur,  coal  II  being  worked  on  the  (^:)bbe  fann,  in 
the  southwest  quarter  of  section  35  (1  S.,  3  W.),  and  on  the  Hum- 
bert farm,  in  the  northwest  quarter  of  3G  (1  S.,  4  W.).  At  both 
places  the  under-clay  was  but  about  two  feet  thick  and  of  inferior 
quality. 

Oil  the  land  of  «!.  L.  Schiller,  southeast  quarter  of  section  G  (1 
S.,  3  W.),  occurs  an  outcrop  of  pale  blue  under-clay,  three  and  a 
half  feet  thick.    Through  the  lower  part  of  it  are  scattered  many 
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crystals  of  selenite  (CaS04),  varying  in  size  from  one  inch  in 
length  downward.  The  owner  burns  the  clay  in  a  kiln,  reducing 
these  crystals  to  a  powder,  and  then  uses  it  as  a  fertilizer  with 
good  results.  These  crystals  of  selenite  are  found  in  numerous 
other  deposits  of  under-clay  east  and  north  of  Jasper,  and  have 
also  been  noted  at  other  points  in  the  State,  as  at  Mecca,  Parke 
County.  The  crystals  are  oftentimes  acicular  and,  radiating  from 
a  common  center,  form  little  rosettes,  which  lie  in  great  numbers 
on  the  exposed  surface  of  the  clays.  With  the  exception  of  the 
one  above  given,  no  attempt,  as  far  as  known,  has  been  made  to 
utilize  the  clays  containing  them. 

Jasper,  the  county  seat  of  Dubois,  is  located  in  township  1 
south,  5  west.  One-half  mile  north  of  Jasper  Keider  Hill  rises 
140  feet  above  the  level  of  the  court  house  yard.  A  section  of 
its  upper  55  feet  disclosed  the  following  strata : 

Section  on  Reider  Hill,  north  of  Jasper, 

Feet.       Jnchet.       Feet.       Inehee, 

1.  Shaly  sandstone   5  0  5  0 

2.  Light  gray  clayey  shale 0  0  11  0 

3.  Coal   Illb    2  6  13  6 

4.  Under-clay    2  G  16  0 

5.  Drab  to  blue  clayey  shale 20  0  36  0 

6.  Obscured    ' 8  0  44  0 

7.  Limestone    6  0  50  0 

8.  Coal    III    2  6  52  6 

9.  Under-clay    3+  0  55  6 

Nos.  2  and  4,  the  greater  part  of  5  and  all  of  9  are  of  workable 
quality.  No.  2  and  the  upper  half  of  No.  5  are  soft,  fine-grained 
materials,  which  can  be  made  into  either  vitrified  or  pressed  front 
brick  of  high  grade.  The  under-cl9.ys  Nos.  4  and  0  are  light-col- 
ored and  plastic,  and  suitable  to  use  for  pottery,  terra  cotta  or 
stoneware.  The  two  veins  of  coal  have  been  worked  in  several 
places  by  means  of  slope  shafts,  and  the  coal  has  been  proven  to 
be  an  excellent  fuel.  This  hill,  within  one-half  mile  of  the  county 
seat,  contains,,  therefore,  not  less  than  25  feet  of  good  commercial 
clay  and  the  fuel  necessary  for  its  burning.  A  railway  switch 
could  be  readily  constructed  past  the  furniture  factory,  in  the  east 
side  of  the  town,  and  up  the  valley  to  the  foot  of  the  hill,  where 
there  is  an  excellent  site  for  a  large  factory. 
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Three-quarters  of  a  mile  west  of  Jasper  the  "soapstone,"  or 
gray  shale  No.  2  of  the  above  section,  outcrops  in  numerous  places 
along  the  roadside,  and  underlies  the  whole  of  the  wooded  tract 
known  as  "Military  Park,"  northeast  quarter  of  section  34  (1  S., 
5  W.).  Several  slope  shafts  have  been  put  in  in  this  vicinity,  and 
disclose  a  good  quality  of  under-clay  beneath  the  coal.  Military 
Park  is  but  three-quarters  of  a  mile  from  the  Jasper  branch  of  the 
Southern  Railway,  and  a  switch  easily  constructed  and  of  suflS- 
cient  grade  to  allow  cars  to  run  by  gravity  to  the  main  line  could 
be  built  up  the  valley  to  the  shale  and  clay.  The  entire  area  of 
section  34  is  probably  underlain  with  these  deposits. 

A  drilled  well  on  top  of  the  hill  in  the  southeast  of  the  southeast 
of  28  (1  S.,  5  W.),  one  and  a  fourth  miles  west  of  Jasper,  disclosed 
the  following  strata : 

Section  in  Hill  west  of  Jasper. 

Feet,      Inehet.        Feet.        Inckee. 

1.  Soil  and  surface  clay 16  0  16  0 

2.  Shaly  sandstone   6  0  22  0 

3.  Coal   Illb    2  4  24  4 

4.  Under-clay    3  0  27  4 

5.  Hard  reddisb  shale  11  0  38  4 

6.  White  sandstone 28  0  66  4 

7.  Shaly  sandstone   4  0  70  4 

8.  Coal  Ilia   4  0  74  4 

9.  Reddish  gray  shale  26'  0  100  4 

10.  Blue  clayey  shale   20  0  120  4 

11.  Flinty  limestone  3  0  123  4 

12.  Coal  III    4  0  127  4 

13.  Under-clay    3  0  130  4 

*       14.    Shale,  blue 8  0  138  4 

Here  we  have  not  less  than  33  feet  of  clay  working  materials, 
and  above  them  three  veins  of  coalof  workable  thickness. 

Townships  2  and  S  South,  Ranges  S,  J^,  5  and  Part  of  6  West. 

This  area  of  216  square  miles  comprises  the  south  half  of 
Dubois  County.  Through  it  the  Southern  Railway  runs,  and  in  it 
occur  the  best-known  commercial  clays  of  the  county.  Over  the 
eastern  third  of  the  area  only  the  thin  veins  of  coals  I  and  LI 
occur,  and  their  under-clays  alone  form  the  workable  clays  of  the 
region.    Outcrops  of  these  coals  occur  in  the  northeast  quarter  of 
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24,  the  southwest  quarter  of  26,  the  southeast  of  27,  the  northwest 
of  34  and  the  northwest  of  33  (2  S.,  3  W.),  all  within  half  a  mile 
or  less  of  the  Southern  Railway. 

Southeast  of  Bretzville  one  mile,  in  the  west  half  of  section 
4  (3  S.,  4  W.),  occur  some  fine  exposures  of  gray  clayey  shale 
along  the  road  leading  to  Ferdinand.  The  outcrops  of  shale  are 
here  about  15  feet  thick  and  overlain  with  three  to  five  feet  of 
yellow  loess  clay. 

A  short  distance  west  of  Bretzville,  in  the  south  half  of  section 
32  (2  S.,  4  W.),  the  Southern  Railway  passes  through  a  cut  in 
which  20  feet'of  drab  clayey  shale  is  exposed.  The  sulMJonglom- 
erate  coal  I  outcrops  at  several  places  in  the  same  vicinity,  and  has 
beneath  it  a  dark,  plajBtic  under-clay  suitable  for  terra  cotta  and 
stoneware. 

At  the  Oeding  mine,  in  the  southwest  quarter  of  section  30  (3 
S.,  4  W.),  two  miles  west  of  Ferdinand,  coal  Ila,  18  inches  thick, 
overlies  eight  feet  of  under-clay,  suitable  for  many  kinds  of  hollow 
vitrified  wares.  Beneath  the  under-clay  is  10  feet  of  good,  work- 
able shale,  and  then  the  worked  coal  II,  2  feet  10  inches  thick, 
which  also  overlies  a  good  vein  of  under-elay. 

Southeast  of  Ferdinand,  in  the  south  half  of  section  34  (3  S., 
4  W.),  are  found  large  deposits  of  clay  and  decomposed  iron  ore, 
suitable  for  the  manufacture  of  mineral  paints.  The  "Anderson 
Valley  Mining  Company"  erected  a  mill  at  Ferdinand  And  worked 
these  deposits  for  a  number  of  years.  Their  products  were  of 
excellent  quality,  and  for  a  time  were  much  used,  but  a  lack  of 
railway  facilities  caused  the  abandonment  of  the  enterprise.  From 
a  flinty  limestone  above  a  seam  of  coal  on  the  same  section  a  pol- 
ishing powder,  called  "tripoli,"  was  obtained  in  quantity  and  put 
upon  the  market.  The  same  material  is  found  at  several  other 
points  east  of  Ferdinand,  notably  in  the  northwest  quarter  section 
26  and  the  northeast  quarter  of  section  13  (3  S.,  4  W.).  Should 
the  railroad  projected  between  Rockport,  Spencer  County,  and 
Mitchell,  Lawrence  County,  be  constructed,  it  will  pass  through 
this  region,  and  these  resources  will  become  of  much  value. 

At  Huntingburg,  an  important  junction  point  on  the  Southern 
Railway,  there  exists  a  thick  stratum  of  one  of  the  best  potters' 
clays  known  to  occur  in  Southern  Indiana.  For  a  number  of 
years  large  quantities  of  it  have  been  shipped  to  potters  at  Evans- 
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ville,  New  Albany,  Louisville  and  other  points  along  the  Southern 
Railway,  and  for  27  years  it  has  been  used  in  a  pottery  at  Ilunt- 
ingburg.  The  worked  beds  of  this  clay  occur  beneath  a  thin  vein 
of  coal  Illb  in  Beeler's  hill,  just  northwest  of  Huntingburg,  north- 
west quarter  section  34  (2  S.,  5  W.).  A  section  of  the  Bockting 
Bros,  clay  pit,  on  the  southeast  slope  of  this  hill,  in  August,  1904, 
disclosed  the  following  strata : 


Section  at  Bwkting  Bros.  *  Clay  Pit. 

Feet.  hehea, 

1.  Soil  and  yeUow  loess  clay 4  0 

2.  Soft  drab  to  blue  clayey  shale 17  0 

3.  Coal  Illb    0  10 

4.  Light  gray  under-clay— potters*  clay G  0 

5.  Under-clay  with  iron  nodules 2  0 

6.  Soft  gray  clayey  shale J>f         0 


Fig.  11.    Map  of  Huntingburg  and  viainity,  showing  location  of  clay  deposits. 
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The  upper  strata,  T^Tch.  1  and  2,  are  stripped  and  used  In  making 
ordinary  brick  by  the  Bookting  Bros.  The  under-clay  is  sold  for 
stoneware,  bringing  $1,25  per  ton  f.  o.  b.  at  the  pit.  Quite  a 
quantity  of  the  lower  clay,  No.  6,  is  also  shipped  to  Louisville  to 
be  made  into  sewer  pipe,  etc.,  bringing  50  cents  per  ton  at  the  pit. 

The  stoneware  made  from  this  potters'  clay  at  Huntingburg  and 
Evansville  is  strong,  durable,  and  takes  an  excellent  glaze.  It 
does  not  air-crack  in  drying  or  in  cooling  after  being  removed  from 
the  kiln.  The  composition  of  the  clay,  as  shown  in  an  analysis 
made  for  Bockting  Bros,  by  Dr.  Noyes,  is  as  follows: 

Analyins  of  Potters*  Clay  from  Bockting  Bros,*  Pit. 

Silica   (SIOJ    69.23 

TUanium   oxide   (TIO2) 1.50 

Alumina   (ALO,)    18.97 

Water  (H,0)  .^.  5.46 

Clay  base  and  sand 95.10 

Ferric  oxide  (Fe,OJ  1.57 

Ferrous  oxide  (FeO) 55 

Lime  (OaO)    12 

.  Magnesia  (MgO)    3G 

Potash  (K,0)    2.27 

Soda  (Na,0)    33 

Fluxes    5.20 

Total    100.36 

This  shows  a  composition  approaching  very  closely  the  average 
standard  of  stoneware  clays,  and  proves  the  superiority  of  this 
clay  for  pottery  purposes. 

The  Huntingburg  Dry  Pressed  Brick  Company*  has  a  large 
and  well-equipped  plant  a  short  distance  northeast  of  the  pit 
worked  by  the  Bockting  Bros.  They  make  from  the  yellow  loess 
clay,  here  six  to  10  feet  thick,  a  handsome  and  durable  red  dry- 
pressed  brick.  This  clay  is  of  the  same  nature  as  that  already 
mentioned  as  found  about  Washington,  Loogootee,  and  other 
points,  being  fine-grained,  free  from  foreign  matter  and  homo- 
geneous in  texture. 

The  brick  were  being  made  from  the  loess  clay  for  a  little  less 
than  $3.00  per  thousand,  which  shows  what  can  be  done  with  that 
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material  under  the  proper  management.  Besides  the  red  dry- 
pressed  brick  from  the  loess  clay,  the  company  also  makes  a  buff' 
dry-pressed  front  brick,  and  fire  brick  from  the  potters'  clay  under- 
lying the  hill  to  the  west,  and  from  a  mixture  of  the  potters'  clay 
and  the  underlying  fire-clay,  containing  small  grains  of  iron  ore, 
a  speckled  or  Pompeii  front  brick,  which  is  in  large  demand.  The 
small  grains  of  iron  ore  in  this  lower  stratum  of  fire-clay  are  most 
probably  the  ferric  or  sesquioxide  of  iron  (FegOa).  These  are 
reduced  by  thcj  influence  of  the  heat  and  gases  of  the  kiln  to  fer- 
rous oxide  (FeO).  When  subjected  to  higher  heat  a  fluxing  action 
begins  and  causes  a  chemical  union  between  the  ferrous  oxide  and 
any  free  silica  in  the  clay,  producing  a  black  ferrous  silicate,  which 
is  not  affected  by  higher  heat.  The  black  specks,  ranging  in  size 
from  a  pinhead  to  the  cross  section  of  an  ordinary  lead  pencil, 
found  in  the  Pompeii  brick  are  composed  of  this  silicate.  These 
brick  bring  from  $12  to  $14  per  thousand  at  the  factory,  as  against 
$10  for  the  buff,  unspeckled  brick.  From  the  potters'  clay  this 
company  makes  the  fire  brick  and  floor  tiling  for  their  kilns. 
These  stand  up  well  under  great  heat,  and  prove  the  high  refrac- 
tory grade  of  the  clay,  as  evinced  by  its  chemical  composition. 
The  fpur  large  Eudaly  kilns,  lined  and  floored  from  these  fire 
brick,  have  been  in  use  ten  years,  and  are  still  in  good  condition. 

This  company  also  ships  large  quantities  of  the  potters'  clay 
mined  from  a  slope  shaft  to  the  John  Bauer  Pottery  at  Louisville 
and  the  Uhl  Pottery  Co.  at  Evansville,  the  shipment^  amounting 
to  150  cars  of  35  to  40  tons  each  per  year.  For  this  they  receive 
$1.25  per  ton  f.  o.  b.  the  cars. 

On  top  of  Beeler's  Hill,  300  yards  southwest  of  their  plant,  the 
company  put  down  a  large  air  and  test  shaft  through  the  stratum 
of  potters'  clay,  which  disclosed  the  strata  in  that  part  of  Beeler's 
Hill,  as  follows : 

Section  in  Beeler^s  Hill, 

1.  Surface  and  yellow  loess  clay 14  0 

2.  Blue  clayey  shale   16  0 

3.  Dark  bituminous  shale   2  0 

4.  Coal   Illb 1  1 

5.  Potters'  clay   •">  10 

6.  Under-clay  impregnated  with  small  grains  of  iron 

ore    2  0 

7.  Soft  gray  clayey  shale 7  0 
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All  of  these  except  No.  8,  are  valuable  for  manufacturing  pur- 
poses. Both  the  upper  shale,  No.  2,  and  the  lower,  No.  7,  are 
suitable  for  vitrified  wares  of  many  kinds.  The  bottom  six  feet 
of  No.  2  would  probably  have  to  be  rejected  on  account  of  too  high 
a  percentage  of  bitumen.  With  these  shales  present  in  such  large 
quantities,  an  addition  for  the  purpose  of  making  Vitrified  brick 
would,  without  doubt,  prove  a  valuable  adjunct  to  the  plant 
already  in  operation.  ^ 

On  the  land  of  Fred.  Weisman,  in  the  southeast  quarter  of  sec- 
tion 22  (2  S.,  5  W.),  a  mile  and  a  quarter  northeast  of  Hunting- 
burg,  a  fine  deposit  of  under-clay  occurs  beneath  a  thin  vein  of 
coal.  A  shaft  has  been  sunk  through  the  clay  on  the  north  slope 
of  a  hill  just  west  of  the  new  Jasper-IIuntingburg  stone  road  and 
one-fourth  mile  west  of  the  Jasper  branch  of  the  Southern  Rail- 
way.   A  section  of  the  shaft  shows : 

SecUon  of  Test  Shaft  on  Wewnan  Land. 

1.  Surface  soU  and  clay 3  4 

2.  Coal   Illb    0  3 

3.  Under-clay    5  0 

4.  Shale    2+  0 

The  under-clay  evidently  belongs  to  the  same  stratum  as  the 
potters*  clay  used  at  Huntingburg.  It  is  a  soft,  light  gray,  plastic 
material,  free  from  all  grit  and  impurities,  and  a  high-grade  clay 
in  every  particular..  It  can  be  made  into  terra  cotta,  sewer  pipe, 
hollow  brick  and  all  kinds  of  hollow  vitrified  wares  and  stoneware. 
Hunley  Creek,  with  a  plentiful  supply  of  water,  lies  one-eighth  of 
a  mile  to  the,  north.  The  clay  stratum  will  be  found  under  the 
entire  hill  of  30  or  more  acres.  On  the  lower  ground  on  the  west 
side  of  the  hill,  and  about  300  yards  from  the  test  shaft,  a  three- 
foot  vein  of  coal  III  of  good  quality  is  being  mined  at  a  depth  of 
46  feet.  The  top  of  the  shaft  starts  below  the  level  of  the  under- 
clay  No.  3. 

At  the  Bretz  mine,  in  the  northwest  quarter  of  the  northeast 
quarter  of  section  27,  coal  III  is  also  mined.  Over  it  is  12  feet  of 
gray  clay  shale,  while  the  floor  is  a  light  blue  under-clay,  with 
here  and  there  patches  of  gray  shale  and  sandstone,  with  stigmaria. 

One-half  mile  east  of  Huntingburg,  near  the  center  of  section 
35  (2  S.,  5  W.),  the  Bretzville  macadam  road  cuts  through  Wix- 
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ford  Hill.    A  section  of  the  exposed  strata  on  the  east  side  of  this 
hill  shows  as  follows : 

Section  on  east  side  of  Wixford  Hill, 

Feet,      Inehet.       Fe^t.      Inckea. 

1.  Surface  and  yellow  loess  clay 5  0  5  0 

2.  Soft  massive  sandstone 6  0  11  0 

3.  Bather  hard  sandstone 1  '0  12  0 

4.  Under-clay    2  6  14  G 

5.  Shale,  gray  sandy 5  0  19  6 

G.  Hard,    flinty,    disintegrating    lime- 
stone      1  0  20  6 

7.  Under-clay  with  coal  streak: 3  0  23  6 

8.  Shale    12  0  35  6 

The  surface  clay  No.  1  and  the  under-clays  Nos.  4  and  7  are 
suitable  for  many  kinds  of  products.  The  surface  clay  burns  to  a 
handsome  brick-red  hue.  The  under-clay  No.  4  is  a  light  gray, 
plastic  material,  and  has  a  thin  showing  of  coal  above  it.  It 
merges  gradually  into  the  sandy  underlying  shale.  The  main  line 
of  the  Southern  Kailway  is  about  150  yards  south  of  this.  hill. 

On  a  hill  just  northeast  of  Iluntingburg  William  Lukemeyer 
has  been  making  drain  tile  since  181)3  from  a  mixture  of  two-thirds 
surface  clay  and  one-third  under-clay  from  Beeler's  Hill.  The 
surface  clay  used  is  first  stripped  of  four  to  six  inches  of  black 
dirt,  and  then  used  to  a  depth  of  four  feet.  The  tile  are  a  bright 
cherry  red  in  color,  and  appear  of  good  quality. 

The  pottery  of  V.  Walz,  near  the  center  of  Huntingburg,  has 
been  in  operation  since  1880.  The  clay  used  is  the  potters'  clay 
from  Beeler's  Hill,  Mr.  Walz  owning  an  acre  of  ground  back  of 
the  brick  factory.  At  his  pit  the  potters'  clay  is  five  and  a  half 
feet  thick  and  is  overlain  with  about  16  feet  of  shale. 

South  of  Huntingburg  one  mile,  in  the  east  half  of  section  3 
(3  S.,  5  W.),  is  Buck  Hill.  The  Ferdinand  macadam  road  crosses 
this  hill,  and  in  cuts  and  ditches  made  in  grading  an  imder-clay 
four  feet  in  thickness  and  a  shale  six  to  eight  feet  thick  are 
exposed  on  the  north  slope.  Above  the  under-clay  is  a  thin  vein  of 
bone  coal,  about  three  inches  in  thickness.  The  shale  is  probably 
the  same  stratum  as  that  found  above  tlie  potters'  clay  in  Beeler's 
Hill,  and  both  it  and  the  under-clav  above  it  can  be  made  into 
vitrified  wares  of  many  kinds.  The  entire  hill,  comprising  an  area 
of  150  or  more  acres,  will  be  found  to  be  underlain  with  the  under- 
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clay  find  shale,  and  at  several  points  their  outcrops  can  be  reached 
by  a  switch  less  than  one-fourth  mile  in  length. 

One-half  mile  southwest  of  the  center  of  Huntingburg  is  Milss- 
ner  Hill,  a  long,  narrow  elevation,  crossed  by  the  Holland  road. 
On  it,  in  the  northeast  quarter  of  section  4  (3  S.,  5  W.),  Chris. 
Fuchs  owns  40  acres,  which  is  almost  wholly  underlain  with  the 
stratum  of  potters'  clay  found  in  Beeler's  Hill.  In  a  well  sunk  on 
the  Fuchs  place  this  clay  was  found  to 'be  14  feet  thick  and  bottom 
not  reached.  It  is  overlain  with  three  to  five  feet  of  yellow  loess 
clay,  and  in  places  along  the  Holland  road  the  overlying  shale 
exposed  on  Buck  Hill  also  outcrops.  A  sample  of  the  Fuchs  clay 
was  analyzed  by  T.  W.  Smith,  of  Indianapolis,  and  its  composition 
found  to  be : 

Analysis  of  Clay  from  Chris.  Fuchs*  Land, 

SlUca  (SlOa)    65.25 

Alumina  (Al,Oa) 17.30 

Water,   combined   5.40 

Clay  base  and  sand 87.95 

Ferric  oxide  (Fe^OJ , 2.30 

Calcium  (CaO)  " 50 

>f agnesla  (MgO)   20 

Potassium  (K^^O)   1.56 

Sodium  (Na,0) 08 

Fluxes ^ 5.54 

Moisture    /  6.50 

Total    99.90 

The  analysis  shows  the  material  suitable  as  the  clay  ingredient 
of  Portland  cement.  It  is  also  a  high-grade  refractory  material, 
of  the  same  general  composition  as  the  Bockting  Bros,  deposit,  and 
can  be  used  for  the  same  purposes.  This  potters'  clay  is  known  to 
underlie  an  area  one  mile  wide  and  two  to  three  miles  long  between 
Huntingburg  and  Holland.  It  also  occurs,  as  we  have  seen,  a  mile 
and  a  half  northeast  of  Huntingburg.  Careful  investigation  will 
prove  its  presence  in  many  places  where  it  is  not  now  known  to 
occur.  It  is  the  best  clay-working  material  in  Dubois  County, 
and  should  be  much  more  extensively  developed. 

Just  south  of  the  Patoka  Kiver,  in  section  15  (2  S.,  6  W.),  and 
about  five  miles  northwest  of  Huntingburg,  the  Southern  RaiJ- 
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way  has  recently  deepened  a  cut  and  exposed  a  thick  stratum  of 
shale  of  excellent  quality  for  vitrified  wares.  This  shale  runs  25 
feet  or  more  in  thickness,  with  bottom  hidden.  It  is  that  soft 
p^ray,  gritless  material,  commonly  known  as  soapstone,  which 
forms  one  of  the  best  varieties  of  shales  for  manufactured  prod- 
ucts. With  water,  cheap  fuel  and  railway  all  present,  this  site 
offers  excellent  inducements  to  persons  wishing  to  erect  a  large 
clay  factory. 

Samples  of  a  very  light  gray,  plastic  potters'  clay  have  been  sent 
in  from  the  land  of  F.  M.  Battles,  near  the  western  edge  of  Dubois 
County,  southeast  quarter  section  10  (2  S.,  0  W.),  two  miles  east 
of  Velpen,  Pike  County,  and  less  than  a  mile  north  of  the  South- 
ern Kailway.  In  a  letter  Mr.  Battles  states  that  the  clay  will  run 
from  seven  to  10  feet  thick.  It  occurs  beneath  a  bed  of  shale 
over  40  or  more  acres.  Samples  have  been  tested  by  the  Uhl 
Pottery  Co.,  of  Evansville,  and  pronoimced  of  good  quality  for 
stoneware. 

More  than  anything  else,  Dubois  County  needs  railways.  When 
these  are  constructed,  new  mines  will  be  opened  up,  new  deposits  . 
of  shales  and  under-clays  exposed,  and,  it  is  to  be  hoped,  put  to 
ready  use.  Meanwhile,  a  mmiber  of  those  above  mentioned  merit 
development.  The  ones  along  the  Southern  Railway  in  the  vicin- 
ity of  Huntingburg  and  Jasper  will,  as  we  have  seen,  furnish  ma- 
terial of  excellent  quality  and  in  almost  unlimited  quantity  for 
the  making  of  vitrified,  brick,  sewer  pipe,  pressed-front  brick, 
stoneware,  hollow  brick  and  terra  cotta.  Where  clays  suitable  for 
such  varied  products  occur  in  one  locality,  capital  is  lx)und  in  time 
to  find  them  and  put  them  to  use.  How  soon  that  capital  will  be 
invested  in  their  development  depend  solely  upon  the  energies  of 
the  people  of  the  towns  near  which  the  dej^osits  Ke. 

PIKE  COUNTY. 

This  county  comprises  an  area  of  836  square  miles,  lying  just 
south  of  White  Kiver,  in  the  southwestern  part  of  the  State.  It 
is  bounded  on  the  north  by  Daviess  and  Knox,  on  tlie  east  by 
I)ul)()i.s,  on  the  W(^t  bv  (libsoii  and  on  the  south  bv  Warrick  and 
(libson  counties.  Its  extreme  lengtli  from  north  to  south  is  22 
miles  i:nd  greatest  width  from  east  to  west  21  miles. 
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The  entire  surface  of  Pike  County  is  covered  by  the  Coal  Meas- 
ure rocks  of  the  Carboniferous  Period.  The  thickest  veins  of  coal 
found  in  Indiana  lie  within  its  bounds.  Vast  beds  of  shale  and 
clay  cover  and  underlie  these  coals,  bringing  thus  in  close  prox- 
imity the  materials  for  fireproof  products  and  the  fuel  to  manu- 
facture them. 

The  northwestern  part  of  the  county  is  generally  level  or  roll- 
ing. From  Petersburg  eastward  the  divide  between  Patoka  and 
White  River  is  level.  To  the  north,  as  White  River  is  approached, 
the  surface  is  cut  up  somewhat  by  the  drainage.  To  the  south  the 
old  lake  filling  and  prairies  drained  by  Flat  Creek  are  found. 
South  of  this  the  surface  becomes  more  hilly;  then  come  the 
slopes  and  broad  bottoms  of  Patoka  River.  South  of  Patoka 
River  the  topography  shows  high,  irregular  divides,  with  usually 
broad  strearji  basins,  the  high  land  culminating  in  the  divide 
between  the  Patoka  River  and  the  Ohio,  which  often  rises  in  the 
form  of  conicial  knobs,  150  to  175  feet  above  the  neighboring 
drainage.  The  drift  appears  to  have  covered  only  the  northern 
part  of  the  county,  not  extending  much,  if  any,  south  of  the  base 
line  until  it  has  passed  south  of  Petersburg,  when  the  limit  s\vings 
off  to  the  southwest.  Over  this  area  the  drift  tends  to  have  a 
variable  depth,  depending  largely  on  the  pre-glacial  topography, 
so  that  in  places  it  becomes  quite  deep.  The  soils  of  the  western 
and  northern  parts  of  the  county  produce  good  crops  of  wheat, 
oats,  corn  and  grass. 

W^hite.  River  forms  the  northern  boimdary  of  the  county  and 
drains  the  northern  third,  receiving  therefrom  Beech,  Pond,  Mud, 
Pride's,  Conger's  and  Harbin's  creeks,  in  the  order  named,  from 
east  to  west.  The  Patoka  River,  a  sluggish,  muddy  stream,  flows 
from  east  to  west  across  the  center  of  the  county,  and  drains  its 
greater  portion.  Its  main  tributaries  from  the  north  ar6  Flat, 
Stone,  Coal  and  Sugar  creeks,  while  from  the  south  it  receives 
Rock,  Cup  and  Barren  creeks  and  South  Patoka  River,  with  its 
manv  tributaries. 

The  railway  facilities  of  the  county  are  somewhat  meagre.  The 
E.  &  I.  crosses  from  north  to  south,  a  little  west  of  the  center, 
while  the  St.  Louis  Division  of  the  Southern  runs  fron^  east  to 
west  near  the  center.     On  account  of  the  jx^culiar  shape  of  the 
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county,  more  than  two-thirds  of  its  area  is  distant  three  to  15 
miles  from  either  of  these  lines. 

Coals  .VII  and  VIb  occur  in  workable  thickness  over  the  north- 
western portion  of  the  county  west  of  the  E.  &  I.  Railway  and  in 
a  small  outlying  hill  north  of  Petersburg.  Coal  V  is  the  promi- 
nent workable  vein  over  the  western  two-thirds,  while  coals  IV, 
III,  Ilia  and  Illb  outcrop  in  the  eastern  part  of  the  county,  and 
in  places  are  of  workable  thickness.  Coal  VII  is  usually  directly 
overlain  with  clay  shale,  \vhich,  with  the  under-clay  beneath,  is 
good  clay-working  material.  The  under-clays  below  coals  VIb, 
IV  and  Illb  are  the  best  suited  for  manufacturing  purposes.  The 
under-clay  below  the  main  vein,  coal  V,  is  in  general  too  hard 
and  dark-colored  and  contains  too  much  sulphur  and  other  impu- 
rities to  make  clay  wares. 

Township  1  North,  Paris  of  Ranges  6,  7,  8  and  9  West 

This  area  includes  about  90  square  miles,  or  a  strip  three  to  six 
miles  wide  and  21  miles  long,  across  the  northei*n  boundary  of 
the  county.  Coal  VII  covers  about  38  square  miles  of  the  area 
west  of  Petersburg,  the  county  seat,  while  the  eastern  portion  is 
about  equally  divided  between  coals  V  and  IV,  as  the  surface 
veins. 

At  the  ferry  across  White  River,  north  of  Long  Braftch  Post- 
office,  in  the  southeast  quarter  of  section  7  (1  N.,  6  W.),  six  feet 
of  gray  to  brown  sandy  fire-clay  is  seen  near  the  top  of  the  river 
bank,  while  the  thin  vein  of  coal  Illb,  six  feet  lower  down,  over- 
lies three  feet  of  a  frood  quality  of  drab  under-clay. 

At  Carlisle's  bank,  in  the  nortlieast  quarter  of  section  10  (1  N., 
7  W.),  coal  IV,  three  feet  six  inches  thick,  is  worked  about  75  feet 
above  the  river,  and  overlies  three  feet  nine  inches  of  under-clay 
suitable  for  many  kinds  of  clay  wares.  At  High  Banks,  in  the 
southeast  of  section  14,  the  some  vein  of  coal  overlies  five  feot  of 
the  same  grade  of  under-clay. 

At  Sand  Hill,  north  half  of  section  22  (1  N.,  8  W.),  one  and 
a  half  miles  north  of  Petersburg,  the  following  section  is  exposed : 
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Section  at  Sand  Hill,  north  of  Petersburg, 

Feet,        luehet, 

1.  Soil  and  sand 16  0 

2.  Gray  sandy  shale 7  0 

3.  Coal  VII  3  10 

4.  Under-clay    3  8 

5.  Blue  clayey  shale,  soapstone 8  0 

6.  Gray  sandy  shale 6  8 

7.  Dark  limestone,  fosslUferous 2  4 

8.  Bituminous  shale,  containing  nodules  of  pyrites.  1  8 

9.  Coal  VIb  2  10 

10.  Under-clay    8  0 

The  two  under-clays,  Nos.  4  and  10,  and  the  blue  shale,  No.  5, 
comprise,  together,  almost  20  feet  of  the  best  of  material  for  man- 
ufacturing street  brick,  terra  cotta  and  many  kinds  of  vitrified 
products. 

Northeast  of  this,  at  Blackburn,  northwest  quarter  of  section 
13  (1  N.,  8  W.),  on  the  E.  &  I.  Railway,  the  under-clay  beneath 
the  seam  of  worked  coal  V  is  hard  and  dark-colored,  with  too  many 
nodules  of  iron  carbonate  to  be  of  use.  The  shale  above  is  in  thin 
layers  and  full  of  mica,  rendering  it  almost  worthless.  This  bed 
of  micaceous  shale  outcrops  along  the  railway  to  the  southward 
for  half  a  mile  or  more,  being  overtopped  for  the  greater  part  of 
this  distance  with  a  massive  gray  sandstone.  It  may  be  laid  down 
as  a  general  rule  that  when  the  shale  splits,  as  this  does,  into  lay- 
ers or  laminse  less  than  one-half  an  inch  thick,  it  is  unfit  for  manu- 
facturing purposes. 

At  the  Smith  mine,  southeast  of  northeast  of  13  (1  N.,  8  W.), 
the  strata  exposed  are  aa  follows : 

Section  at  Smith  Mine,  northeast  of  Petersburg, 

Feet,         Inehee, 

1.  Soil  and  yellow  clay 8  0 

2.  Sandstone,  micaceous,   shaly 10  0 

3.  Blue  compact  shale 14  0 

4.  Coal ; 9  10 

5.  Under-clay - ??  0 

The  vein  of  coal  at  this  point  is  the  thickest  I  have  seen  in  the 
State.  Standing  on  the  lower  unworked  part  of  the  seam,  one  foot 
six  inches  in  thickness,  I  could  just  reach,  with  a  miner's  pick,  the 
roof  at  the  top  of  the  worked  portion,  the  clear,  unbroken  seam 
of  the  latter  being  eight  feet  eight  inches  thick.     If  the  mouth 
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of  the  shaft  had  been  made  \vide  enough  an  ordinary  two-horse 
wagon  could  have  been  driven  into  the  mine  and  loaded  directly 
from  the  vein.  Although  the  seam  of  coal  ranks  among  the  beat 
bituminous,  it  is  at  present  ^vorked  only  to  supply  the  local  trade, 
the  nearest  railway  switch  being  three-fourths  of  a  mile  distant. 
Only  the  upper  part  of  shale  No.  3  of  the  section  given  is  fit  for 
manufacturing,  the  lower  six  feet  containing  too  much  bitumen. 
In  the  iminedite  vicinity  of  Petersburg,  the  county  seat,  numer- 
ous mines  have  been  opened,  mostly  by  slope  shafts.  At  the 
Aleisenhelder  shaft,  just  south  of  the  E.  &  I.  station,  in  the  west- 
ern part  of  the  town,  the  following  section  was  exposed: 

Section  at  Meisetikelder  Shaft  in  Petersburg. 

Feet.         Inohet. 

1.  Surface  soil  and  blue  mucky  clay 10  0 

2.  Blue  clayey  shale G  8 

3.  Blue  limestone,   foaalliferous 10  4 

4.  Black  sheety  shale  with  kidneys  of  iron  carbonate    3  10 
r>.  Coal  V   7  1 

The  blue  shale  Xo.  2  could  be  used  in  the  making  of  a  variety 
of  clay  wares.  On  CJeorge  King's  place,  in  the  eastern  part  of 
Petersburg,  IG  feet  of  drab  to  yellow  clay  shale  forms  the  surface, 
and  the  same  six-foot  layer  of  blue  shale  occurs  above  coal  V. 

On  the  Stucky  farm,*  a  mile  and  a  quarter  northwest  of  the 
Court  House,  in  the  northeast  quarter  of* section  22,  is  a  mine 
formerly  operated  by  Jerome  B.  Borer.  A  stratum  of  under-clay 
four  feet  thick  is  found  beneath  the  worked  seam  of  Coal  VII. 
In  the  past  many  tons  of  this  clay  have  been  mined  and  hauled 
to  Petersburg.  There  it  has  been  made  into  strong  and  durable 
refractory  bricks  and  flooring  for  kilns,  grates,  etc.  Some  of  the 
brick  were  used  by  the  maker  in  the  flue  arches  of  clamp  kilns  for 
12  years,  and  others  in  the  sides  of  a  Euroka  tile  kiln  for  nine 
years,  and  then  appeared  as  good  as  new.  The  clay  was  delivered 
at  tlie  brick  plant  in  town  for  85  cents  a  ton.  The  brick  made 
from  it  have  sold  as  high  as  $18  to  $25  per  thousand.  The  lower 
half  of  this  vein  of  under-clay  contains  too  many  nodules  of  kid- 
noy  iron  ore  to  be  of  value. 

At  the  Oliphant  mine,  near  Union  Postoffice,  in  section  32  (1 
N.,  9  W.),  coal  VII,  four  feet  thick,  is  overlain  with  white  clay 
shale,  and  has  a  bed  of  good,  workable  under-clay  beneath. 
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Township  1  South,  Ranges  7,  8  and  Parts  of  6  and  9  West, 

Coal  V,  with  its  overlying  black,  sheety  shale,  is  the  principal 
A'cin  worked  in  the  eastern  part  of  this  area,  and  its  nnder-clay  is, 
in  general,  of  inferior  (juality.  The  iinder-clay  of  coal  VII,  in 
the  western  part,  is  the  principal  clay-w^orking  material  of  tlie 
area. 

At  Thomas'  Mill,  in  the  sontheast  quarter  of  section  31  (1  S., 
6  W.),  coal  Illb  overlies  five  feet  and  more  of  iinder-clay  of  good 
quality  for  many  kinds  of  products. 

Southwest  of  Petersburg,  on  the  land  of  Hosea  Alexander,  a 
shaft  located  one-half  mile  from  the  E.  &  I.  Railway,  and  less 
than  five  feet  south  of  tlie  base  line,  in  the  northeast  quarter  of 
section  4  (1  S.,  8  W.),  showed  the  following  section : 

Section  of  Alexander  Sfut/t. 

Feet.         Inche; 

1.  fc5oil  and  surface  clay 10  0 

2.  Shaly  sandstone   (»  0 

3.  Gray   sandy  shale 4  0 

4.  Goal  VII   4  8 

5.  Under-day  with  numerous  stiRiuaria 3  4 

The  under-clay  found  here  is  practically  the  same  as  that  found 
at  the  Borer  mine,  above  mentioned.  It  has  been  tested  at  the 
brickyard  at  Petersburg  and  found  to  make  a  good  grade  of  refrac- 
tory brick.  The  sanif^  grade  of  under-clay,  averaging  three  '>r 
more  feet  in  thickness,  (x^cui's  Ixdow  coal  VII,  at  outcrops  on  the 
Miley  places,  in  the  northwest  and  southwest  of  0  and  the  south- 
east of  8  (1  S.,  8  W.) ;  also  at  Rumbles'  mines,  near  the  center  of 
section  17  (1  S.,  8  W.),  and  at  Carr's  mine,  in  the  southeast  of 
section  13,  and  Miller  Bros,  and  Falls  mines,  in  the  northeast  of 
section  24  (1  S.,  9  W.).  In  general,  it  may  be  said  that  the  imder- 
clay  of  coal  VII,  west  of  the  E.  ct  I.  Railway  in  Pike  County,, will 
make  hollow  vitrified  wares  of  good  quality. 

Township  2  South,  and  Part  of  -3  South,  Ranrja  7  and  Parts  of 

Ranges  0  and  S  West, 

This  ar(»a  of  129  scpiare  miles  comj)rises  the  southeastern  j)or- 
tion  of  Pik(^  County.  Coal  V  is  the  principal  coal  mined  in  tlu; 
area.     Coal  VI 1^  with  its  under-clay^  o<!curs  west  and  south  of 
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Pleasantville,  in  the  southwestern  corner,  and  coals  IV,  Illb  and 
III  in  the  southeast. 

In  sections  7,  8  and  9  (2  S.,  6  W.),  near  Velpen,  a  station  on 
the  Southern  Kailway,  coal  IV  is  in  several  places  overlain  with 
ten  or  more  feet  of  gray,  clayey  shale  of  suitable  quality  for  vitri- 
fied wares.  One  such  outcrop  is  on  the  J.  Risley  place,  in  the 
southwest  of  the  northwest  of  section  9,  and  another  in  the  north- 
east of  southeast  of  section  7.  Coal  Illb,  about  20  feet  below 
coal  IV,  overlies  a  good,  workable  bed  of  under-clay. 

At  the  Patoka  bridge  at  Jonesboro,  in  the  northwest  quarter 
of  section  19  (2  S.,  5  W.),  the  following  section  is  exposed : 

Section  at  Patoka  Bridge,  Jonesboro. 

Feet.        Inehm. 

1.  Slope  Of  hlU 10  0 

2.  Gray  to  drab  clay  shale 25  0 

3.  Black  sheety  shale 1  0 

4.  CJoal  Illb 1  0 

5.  Dark  drab  under-clay 1  0 

6.  Light  drab  under-clay 4  0 

7.  Shaly  sandstone 12  0 

8.  Massive  sandstone  10  0 

9.  Gray   shaly  sandstone 15+  0 

Nos.  2,  5  and  6  will  be  found  suitable  for  many  kinds  of  clay 
wares. 

At  Hartwell,  on  a  spur  of  the  Southern  Railway,  in  section  ^2 
(2  S.,  7  W.),  coal  VI,  three  and  a  half  feet  thick,  is  overlain  with 
12  feet  of  light  drab  clay  shale  and  underlain  with  three  feet  of 
under-clay.  At  the  Hecock  mine,  in  the  southeast  of  16  (2  S.,  7 
W.),  the  same  coal  is  underlain  with  8  to  10  feet  of  under-clay  and 
gray  clayey  shale. 

The  under-clays  beneath  coals  IV  and  Illb,  wlicre  exposed  in 
this  part  of  Pike  County,  run  from  three  to  five  feet  in  thickness, 
and  are  light  gray,  siliceous  and  suitable  for  the  making  of  terra 
cotta  and  hollow  vitrified  wares.  In  numerous  localities  a  bed  of 
soft,  light  gray  shale,  12  to  15  feet  in  thickness,  separates  coal  IV 
from  the  overlying  sandstone.  This  shale  is  locally  know^n  as 
"soapstone,"  and,  combined  with  the  under-clay  beneath  the  coal, 
will  make  a  vitrified  street  brick  of  a  superior  grade.  As  coal  IV 
appears  to  b©  a  dry,  semi-block  coal  of  some  purity,  it  may  prove 
of  value  if  mined  in  connectioii  with  the  overlying  shale.     Siich 
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deposits  of  shale  are  found  in  the  southeast  quarter  of  section  16, 
the  northeast  quarter  of  23,  and  the  northwest  quarter  of  section 
36  (2  S.,  7  W.). 

On  the  road  near  Fred.  Corn's  place,  in  the  southwest  quarter 
of  section  35  (2  S.,  7  W.),  coal  IV,  three  feet  thjck,  is  overlain 
with  six  feet  of  gray  clay  shale  and  underlain  with  18  feet  of  the 
same  material. 

At  McGregor  Hill,  in  the  southeast  quarter  of  section  9  (3  S., 
8  W.),  two  miles  northwest  of  Pleasantville,  coal  VII  is  overlain 
with  10  feet  of  soft,  dark  gray,  clayey  shale,  resembling  an  under- 
clay,  and  underlain  by  three  feet  of  under-clay.  Both  strata  will 
make  many  kinds  of  hollow  vitrified  wares. 

Taken  in  connection  with  the  thick  and  almost  wholly  undevel- 
oped coal  veins  of  Pike  County,  the  clay  deposits  above  mentioned 
should  present  attractive  inducements  to  capitalists  in  search  of 
paying  investments.  Both  the  E.  &  I.  and  the  Southern  Railways, 
with  terminals  in  large  cities,  where  immense  sums  are  expended 
each  year  for  clay  products,  stand  ready  to  do  their  part  in  the 
development  of  the  clay  resources  along  their  lines.  The  time 
will  come — not  very  far  in  the  future — when  Pike  will  become 
one  of  the  chief  coal  producing  counties  of  Indiana,  and  then,  let 
us  hope,  the  value  of  the  accompanying  clays  will  be,  to  some 
extent,  appreciated. 

Surface  clays,  principally  yellow  loess  in  character,  are  used  for 
making  ordinary  brick  and  drain  tile  at  four  or  five  yards  in  Pike 
County.*  At  the  two  yards  near  Petersburg  the  loess  clay  runs 
three  to  five  feet  thick,  with  little  or  no  necessary  stripping,  and 
is  of  fine  quality  for  soft  mud  brick.  At  Stendal  it  is  six  feet 
thick. 

GIBSON  COUNTY. 

This  county  is  near  the  southwestern  corner  of  the  State,  and 
on  its  western  border.  It  lies  south  of  Knox,  east  of  the  Wabash 
River,  or  Illinois-Indiana  line,  north  of  Warrick,  Vanderburg  and 
Posey,  and  west  of  Pike  and  Warrick  counties.  It  has  an  extreme 
length  from  east  to  west  of  36  miles,  and  width  from  north  to 
south  of  25  miles,  with  an  area  of  about  487  square  miles,  being 
one  of  the  largest  counties  of  the  State,  and  at  the  same  time  one 
of  the  richer  agricultural  counties  of  Southern  Indiana. 

*8ee  stAtiBiical  table  near  end  of  paper. 
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The  Coal  Measure  rocks  cover  the  entire  surface  of  the  county, 
but  it  is  only  along  its  eastern  margin  that  the  veins  of  coal  out- 
crop, and  there  only  in  a  few  localities.  1'he  western  three-fourths 
of  the  county  is  very  similar  to  that  of  western  Knox,  the  veins  of 
coal  of  workable  thickness  being  overlain  with  from  200  to  400 
feet  of  alternating  strata  of  shales  and  sandstones.  Such  forma- 
tions, containing  only  a.  few  thin  seams  of  "rash"  coals,  are  known 
as  the  Upper  or  Barron  Coal  Measures.  They  form  the  surface 
rocks  in  parts  of  Sullivan,  Knox,  Gibson  and  Vanderburgh  coun- 
ties and  in  all  of  Posey  Countv. 

The  eastern  part  of  Gibson  County  is  elevated  and  rolling,  or, 
in  i^laces,  plateau-like,  wuth  deeply  cutting  ravines.  A  few  knob- 
like hills  are  found  in  this  portion  of  the  county.  The  western 
half  is  generally  level  or  slightly  undulating,  with  a  large  area  of 
bottom  land.  The  soil  of  the  w^estern  two-thirds  is  very  fertile, 
and  produces  some  of  the  largest  crops  of  corn  and  wheat  grown 
in  the  Stale. 

White  Kiver  flows  along  part  of  its  northern  border,  while  the 
Wabash  forms  the  rest  of  the  northern  border,  the  two  together 
also  forming  the  western  border.  Patoka  River  flows  across  the 
northern  ))art  of  the  county  with  a  sluggish  current.  The  south- 
east(»rn  quarter  of  the  county  drains  to  Pigeon  Creek  and  the 
southwestern  into  swamps  along  the  AV^abash  or  into  Black  River. 

Tlie  county  is  fairly  well  suj)plied  with  transportation  facilities. 
The  Evansville  &  Terre  Haute  Raihvay  runs  north  and  south  and 
the  St.  Louis  Division  of  the  Southern  east  and  west  through  the 
central  portion,  the  two  crossing  at  Princeton,  the  county  seat. 
The  Mt.  Vernfm  Branch  of  tlie  E.  &  T.  II.  leaves  the  main  line  at 
Fort  Branch  and  passes  through  a  small  portion  of  the  southwest- 
ern fourth.  The  E.  &  T.  cuts  across  the  southeastern  corner,  while 
the  Peoria  Division  of  the  Illinois  Central  touches  the  ^southwest- 
ern corner. 

Townships  2  and  S  South,  Jiangos  8  and  9  West. 

In  this  area  along  the  eastern  border  of  the  county,  coal  VII, 
with  its  underlying  clay,  occurs  close  to  drainage.  Just  south  of 
Dongola,  in  the  northeast  quarter  of  section  6  (2  S.,  6  W^.),  the 
coal  is  separated  into  benches  by  a  band  of  under-clay  20  inches 
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thick,  while  below  the  bottom  bench  is  another  layer  of  clay  15 
inches  thick.  The  clay  is  a  soft  dark  gr,ay  material,  well  suited 
for  terra  cotta  and  hollow  block  manufacture. 

At  the  Oakland  quarry,  just  west  of  Oakland  City,  coal  VII  is 
underlain  by  four  feet  of  an  under-clay  of  the  same  quality.  At 
the  Charles  North  bank,  north  of  Stumpsburg,  the  under-clay  is 
of  a  soft  blue  character,  and  nearly  three  feet  thick,  gradually 
merging  into  a  hard  blue  sandstone. 

Southwest  of  Oakland  City,  northeast  (juarter  of  24  (2  S.,  9 
W.),  F.  Cotterill  is  operating  a  mine,  the  worked  vein  of  coal 
being  135  feet  below  the  surface.  Beneath  the  coal  is  a  stratum  of 
dark  gray  under-clay,  eight  feet  in  thickne&'s.^  This  has  been  used 
with  good  results  by  Mr.  Cotterill  for  making  fire  brick  for  boiler 
walls  and  furnaces.  A  switch  of  the  Southern  Railway  is  com- 
pleted to  the  mine. 

One-qudrter  of  a  mile  south  of  Buckskin,  southwest  quarter  of 
section  27  (3  S.,  9  W.),  coal  VI,  in  two  benches,  is  mined  at  the 
depth  of  63  feet.  A  section  of  the  shaft  at  the  mine,  kindly  fur- 
nished me  by  Andrew  Dodds,  Assistant  State  Mine  Inspector, 
shows : 

Section  of  Shaft  at  Buckskin  Mine. 

Feet,        /ncAet. 

1.  Soil    1  0 

2.  Stiff,  ash-colored  clay 4  0 

3.  Yellow  clay   10  0 

4.  Hardpan    5  0 

5.  Blue   clayey  ^sliale 17  0 

(5.  Coal    ' 2  0 

7.  Under-clay    2  0 

8.  Massive  sandstone  8  0 

9.  Sandy  blue  shale 1)  0 

10.  Gray  shale  with  ironstone  nodules 2  0 

11.  Hard  gray  sandstone 2 

12.  Soft  gray  shale 3  4 

13.  Coal  VI? 3  5 

14.  Bone  coal  and  '^black  jack" 3  1 

15.  Coal  VI? 2  0 

16.  Under-clay    5+  0 

Shale  Xo.  12,  above  the  upper  bench  of  coal,  is  a  "clod,^'  or 
layer. of  soft  gray,  gritless  clay,  of  much  the  same  character  as  a 
good  grade  of  under-clay.  An  analysis  of  average  samples  of  it 
sent  in  by  ^fr.  Dodds  was  made  by  Dr.  Lyons,  and  its  composition 
found  to  be  as  follows : 
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Analysis  of  Shale  above  the  Worked  Vein  of  Coal  ai  the  Buckskin  Mine, 

PerCetU. 

»illca  (SiO,)    '......  57.eo 

Titanium  oxide  (TiO,) W) 

Alumina  (Al,OJ 24.74 

Moisture 8.14 

Clay  base  and  sand 91.37 

Ferrous  oxide  (FeO) 2.41 

Ferric  oxide  (FeaO,) / 15 

LJme  (CaO) 70 

Magnesia  (MgO)  1.20 

Potash  (K,0)   3.40 

Soda  (Na,0)   90 

Fluxes  ' 8.85 

Total • 100.22 

The  stratum  of  clay  runs  from  three  to  four  feet  thick,  and  the 
analysis  shows  that  it  will  make  a  high  grade  of  vitrified  hollow 
wares,  such  as  sewer  pipe,  conduits,  firo-proofing,  etc.  It  can  be 
readily  and  cheaply  mined  in  connection  with  the  coal.  The 
under-clay,  No.  16,  is  said  to  be  of  good  grade,  but  as  the  sump 
was  filled  with  water,  no  samples  of  it  were  obtainabla  The 
shaft  is  located  within  75  feet  of  the  E.  &  I.  Kailway,  and,  with 
clays  and  fuel  both  present,  offers  a  good  site  for  a  clay  industry. 

One  mile  east  of  Buckskin,  on  the  side  of  the  Lynnville  road, 
southeast  quarter  of  section  27  (3  S.,  9  W.),  a  good  quality  of  soft 
drab,  clayey  shale  outcrops  in  a  number  of  places  on  the  John 
Mayhall  farm.  The  exposures  are  two  feet  thick,  with  bottom 
hidden,  and  are  overlain  with  two  to  four  feet  of  yellow  loess  clay. 
The  shale  is  of  the  character  known  locally  as  soapstone,  and  can 
be  burned  into  a  variety  of  wares.  The  same  kind  of  shale  out- 
crops in  the  roadside  gullies  in  a  number  of  places  farther  east 
on  the  same  road,  and  evidently  occurs  close  to  tlic  surface  over,  a 
wide  area. 

At  Franciscd,  a  station  on  the  Southern  Kailway,  in  the  north- 
east quarter  of  19  (2  S.,  9  W.),  drain  and  roofing  tile  are  made 
from  the  surface  yellow  loess  clay,  12  feet  thick,  by  Stormont 
Bros.  The  clay  has  beim  used  without  pugging  or  pulverizing, 
being  passed  directly  into  a  Little  Wonder  tile  and  brick  machine. 
The  wares  are  nevertheless  close-grained  and  durable.    With  the 
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proper  preparation  of  the  clay,  they  would  he  as  good  as  any 
made  in  the  State.  Beneath  the  clay  occurs  a  bed  of  shale  15  or 
more  feet  in  thickness,  but  it  has  not  been  put  to  use.     . 

In  ranges  10  to  14  west  the  only  coals  mined  are  at  Princeton 
and  Fort  Branch.  At  the  former  place  the  Oswald  mine,  opened 
in  1895,  is  located  about  a  mile  northwest  of  the  Court  House, 
in  the  northeast  quarter  of  section  12  (2  S.,  11  W.).  In  its  shaft 
the  first  rash  coal,  10  inches  thick,  was  found,  at  a  depth  of  81 
feet.  Beneath  this  was  seven  feet  of  under-clay,  the  upper  half 
of  which  is  of  excellent  quality  for  teira  cotta  and  similar  prod- 
ucts. At  a  depth  of  277  feet  the  first  workable  vein,  coal  VII  ?, 
three  feet  seven  inches  thick,  was  encountered.  Above  it  was  40 
feet  of  shale  the  upper  18  of  which  was  of  a^  gray  sandy  charac- 
ter, and  showed  a  very  marked,  finely  laminated  structure,  the 
lamina)  being  alternately  light  and  dark  in  color.  The  lower  22 
feet,  resting  directly  upon  the  coal,  was  a  blue,  clayey  shale,  very 
similar  to  that  forming  the  roof  of  the  worked  seam  at  the  Pros- 
pect Hill  mine  at  Vincennes.  While  rather  hard  and  massive  in 
structure,  it  possesses  the  characteristics  of  a  good  material  for 
vitrified  products.  Below  the  vein  of  coal  was  three  feet  of  a 
tough,  plastic  under-clay,  which  appears  to  possess  high  refrac- 
tory properties.  The  second  workable  vein,  coal  V  ?,  now  mined, 
was  found  at  a  depth  of  430  feet.  It  is  six  to  seven  feet  in  thick- 
ness, and  overlies  a  dark  gray  shale  or  imder-clay,  very  hard  and 
difficult  to  pick.  Above  the  coal  is  30  or  more  feet  of  a  hard  gray 
shale,  with  a  thin  layer  of  limestone  intervening  in  places.  The 
shaft  of  this  mine  is  by  the  side  of  the  E.  &  T.  11.  and  less  than 
200  yards  from  the  Southern  Railway. 

Along  the  bottoms  of  Indian  Creek,  three  miles  east  of  Prince- 
ton, northeast  quarter  of  section  10  (2  S.,  10  W.),  arc  outcrops  of 
a  vein  of  coal  14  inches  thick,  beneath  which  is  an  under-clay  four 
feet  in  thickness.  This  was  used  in  making  fire  brick  for  the 
cupola  furnace  of  a  foundry  at  Princeton,  and  locally  for  the  set- 
ting of  brick  in  grates,  etc.  It  is  said  to  possess  high  refractory 
qualities. 

Near  Bald  Hill,  north  of  Princeton,  one  and  a  half  milos,  is 
the  outcrop  of  another  "rash"  vein  of  coal,  whose  under-clay,  four 
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feet  thick,  was  used  by  Dr.  Kidd  for  making  fire  brick  for  his 
kilns.  These  brick  are  said  to  have  stood  the  heat  as  well  as 
those  bought  at  Freeman's  Landing,  Virginia,  at  $17  per  thou- 
sand. 

One  of  the  more  available  deposits  of  shale  found  near  Prince- 
ton is  just  south  of  the  Southern  Railway  shops,  where  an  expo- 
sure has  been  made  by  the  roadbed  of  the  main  line  of  that  rail- 
way. This  is  in  the  northeast  quarter  of  section  18  (2  S.,  10  W.), 
and  but  one-third  of  a  mile  east  of  the  E.  &  T.  H.  Railway.  A 
section  to  the  bottom  of  the  exposure  is  as  follows : 

Section  near  Southern  Railivay  Shops,  Princeton, 

Feet.         Inehct. 

1.  Sou    1  « 

2.  Yellow  surface  clay 11  0 

3.  Sand  rock,  rotten,  shelly  0  0 

4.  Gray  clayey  shale 8  0 

The  surface  clay  No.  2  is  the  fine-grained  buff  or  brown  loess 
material  so  characteristic  of  the  southwestern  counties  of  Indiana. 
Fine  pressed-front  brick  are  being  made  of  it  at  Iluntingburg, 
Jasper  County.  It  burns  to  a  handsome  shade  of  red  and  makes  a 
strong  and  durable  brick.  An  analysis  of  a  sample  taken  from  the 
site  of  the  above  section  \vas  made  bv  Dr.  I.vons,  of  the  State  Uni- 
vorsity,  and  its  composition  found  to  be  as  follows : 

Analysis  of  Loess  Clay  from  near  Southern  Shops,  Princeton. 

Per  Cent. 

Silica   (SIO,)    71.20 

Titanium   oxide   (TiO^) * 88 

Alumina  (Al,Og)  18.50 

Water  combined   0.30 

Clay  base  and  sand 90.JM 

Ferric  oxide   (Fe,0,) 1.34 

Ferrous  oxide  (FeO) 15 

Lime  (CaO) 14 

Magnesia  (MgO)    ^" 52 

Potash  (K,0)    32 

Soda   (Na,.0)    1.26 

Fluxes    3.73 


* 


Total    100.67 
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For  a  surface  clay  this  shows  remarkable  purity.  While  the 
percentage  of  free  silica  is  high,  that  of  lime,  whicli  is  the  most 
common  and  injurious  impurity  found  in  ordinary .  surf  ace  drift 
clavs,  is  very  low. 

The  shale  No.  4  of  the  section  above  given  is  a  drab  or  light 
gray  material,  showing  occasional  scales  of  mica  and  containing  a 
rather  large  percentage  of  free  silica.  Its  composition,  as  shown 
by  an  analysis  by  Dr.  Lyons,  is  as  follows : 

Analysis  of  Shale  from  near  Southern  Shojts,  Princeton, 

Per  Cent. 

Snica   (SIO.^    C2.04 

Titanium   oxide   (TiOJ 1.30 

Aumlna  (A1,0,)    18.49 

Water  combined  G..50 

r 

Clay  l)ase  and  sand. 87.33 

Ferric   oxide   (FcO,) 7.54 

Ferrous  oxide  (FeO) 0<J 

Lime  (CaO) 10 

Ma^ne-sia  (MgO)    91 

Potash   (K,0)    93 

Soda  (Na^O) 2.04 


* 


Fluxes    12.64 

Total    99.97 

This  shows  a  very  close  approximation  to  the  standard  average 
of  shales  used  for  making  paving  brick,  and  as  far  as  such  analysis 
and  general  appearance  go,  it  is  well  suited  for  that  purpose. 
Tlie  area  covered  by  this  shale  deposit  comprises  30  or  more  acres, 
and  its  situation  is  quite  favorable  for  the  location  of  a  combination 
factory  for  making  both  pressed  front  and  paving  brick. 

At  two  locations  in  Princeton  ordinary  soft  mud  brick  are  made 
from  the  yellow  loess  clay  above  mentioned.  At  the  old  Kidd 
yard,  in  the  southwestern  part  of  the  city,  now  operated  by  W.  M. 
Read,  the  stratum  of  loess  used  is  12  to  14  feet  in  thickness,  the 
^^strongest"  clay  being  near  the  bottom.  About  1,700,000  brick 
were  made  at  this  vard  from  this  loess  in  1904. 

Beneath  the  stratum  of  loess  clay  is  a  deep  red,  siliceous  clay, 
containing  in  places  small  geodes  and  pebbles  of  quartz  and  gran- 
ite, showing  that  a  spur  of  some  glacier  has  in  the  past  extended 
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this  far  south.  From  this  red  clay  Dr.  Kidd,  some  years  ago, 
made^  as  an  experiment,  very  hard  and  durable  brick,  which  did 
not  shrink,  and  which,  in  the  absence  of  shale  brick,  would  serve 
well  as  paving  material. 

At  the  Mitchell  brick  yard,  in  the  northwest  part  of  the  city, 
near  the  junction  of  the  two  railways,  the  loess  clay  is  12  feet 
thick,  and  the  underlying  red  till  clay  four  or  more  feet.  The 
latter  is  seemingly  free  from  lime  impurities,  and  the  upper  two 
or  three  feet  is  mixed  with  the  overlying  loess.  About  1,200,000 
brick  were  made  at  this  vard  in  1904. 

By  the  side  of  a  small  stream  close  to  the  Southern  Railway,  in 
the  southeast  quarter  of  section  1  (2  S.,  11  W.),  a  few  hundred 
yards  west  of  the  Oswald  coal  shaft,  is*  an  exposure  of  a  good 
quality  of  clay  shale.  The  thickness  or  extent  of  this  stratum 
could  not  be  ascertained  on  account  of  the  overlying  loess  clay. 
The  outcrop  is  in  the  bed  of  the  stream  at  the  base  of  a  low  bluff. 
The  material  seems  well  fitted  for  many  kinds  of  clay  products, 
and  if  the  cover  be  found  not  too  heavy,  the  spot  is  a  most  suit- 
able one  for  the  site  of  a  clay  industry. 

On  the  land  of  Robert  Mitchell,  a  mile  and  a  half  northwest 
of  Princeton,  in  the  southeast  quarter  of  section  36  (1  S.,  11  W.), 
there  occur,  along  the  banks  of  the  stream  known  as  Maumee 
Creek,  a  number  of  outcrops  of  a  soft  blue,  clayey  shale.  The 
shale  is  overlain,  where  exposed,  with  three  feet  three  inches  of 
soil,  surface  clay  and  gravel.  Ilie  thickest  outcrop  of  shale  is 
four  feet,  with  bottom  hidden.  An  occasional  small  nodule  of 
iron  carbonate  is  visible  in  the  shale  bed,  but  otherwise  it  is  of  a 
high  grade  and  suitable  for  all  kinds  of  hollow  vitrified  wares,  such 
as  sewer  pipe,  conduits,  hollow  building  block,  flue  linings,  etc. 
The  exposure  is  about  one-half  mile  east  of  the  E.  &  T.  H.  Rail- 
way, with  never-failing  springs  within  one-eighth  of  a  mile.  A 
bore  sunk  for  oil  on  the  same  fann,  about  one-hfllf  mile  to  the 
west,  passed  through  three  veins  of  coal,  the  lower  one  of  which 
was  six  feet  ten  inches  in  thickness. 

With  plentiful  fuel  in  the  form  of  both  natural  gas  and  coal, 
with  good  railway  facilities,  and  with  excellent  raw  material  in 
the  places  pointed  out,  the  vicinity  of  Princeton  should,  in  the  near 
future,  furnish  sites  for  several  large  clay  industries. 

One-half  mile  south  of  Fort  Branch,  in  the  southwest  quarter 
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of  section  19  (3  S.,  10  W.),  and  150  yards  east  of  the  E.  &  T.  H. 
Railway,  a  new  shaft  has  been  recently  sunk  to  Coal  VI,  four  feet 
six  inches  in  thickness,  the  bottom  of  the  coal  being  240  feet  below 
the  surface.  Coal  VII,  three  feet  three  inches  thick,  was  struck 
at  a  depth  of  218  feet.  The  roof  above  coal  VII  is  a  dark  gray, 
clayey  shale,  ten  feet  in  thickness.  Below  VII  is  a  soft  gray,  unc- 
tuous under-clay,  two  feet  thick.  This  merges  into  a  dark  blue, 
very  compact,  clayey  shale,  15  feet  9  inches  thick,  which  rests 
directly  on  the  worked  vein  of  coal  VI.  Below  this  coal  is  a  foot 
and  a  half  of  a  dark,  soft,  blue,  gritless  under-clay.  All  of  these 
clay  materials,  from  the  top  of  the  shale  above  coal  VII  to  the 
bottom  of  under-clay  below  VI,  aggregating  29-h  feet  in  vertical 
thickness,  can  *be  utilized  in  making  many  kinds  of  clay  wares, 
such  as  paving  brick,  sewer  pipe  and  all  kinds  of  hollow  vitrified 
products.  By  using  the  clays,  both  veins  of  coal  could  be  mined 
at  tlie  same  time.  With  a  railway  switch  already  in  place,  and 
with  such  a  variety  and  thickness  of  clays  with  intervening  coals, 
the  site  is  an  excellent  one  for  prospective  clay  manufacturers. 

At  Oakland  City,  Owensville  and  Haubstadt  ordinary  soft  mud 
brick  are  made  from  the  yellow  loess  clay.  At  Fort  Branch  drain 
tile  have  also  been  made  for  17  years  and  brick  since  1902,  a  joint 
clay,  three  and  a  half  feet  thick,  being  used,  after  stripping  nine 
inches  of  loam.  The  yard  at  Owensville  is  near  the  E.  &  T,  H. 
station,  and  produces  a  fair  output  of  brick  of  good  grade.  The 
yard  at  Haubstadt  is  one-half  mile  west  of  the  town.  Here  the 
clay  bark  is  seven  feet  in  depth,  and  as  the  lower  portion  is  a  little 
tough,  it  is  necessary  to  mix  material  from  the  upper  and  lower 
parts  of  the  bed  to  produce  a  brick  that  will  not  crack.  The  output 
at  this  yard  averages  about  one-half  million  per  year.  At  Oakland 
City  six  feet  of  the  yellow  loess  are  used,  the  output  in  1904  being 
400,000  common  brick. 

POSEY  COUNTY. 

The  coimty  of  Posey  occupies  the  pocket,  or  extreme  south- 
western corner  of  the  State.  It  lies  south  of  Gibson  and  west  of 
Vanderburgh  counties.  On  the  west  it  is  separated  from  Illinois 
by  the  Wabash  and  on  the  south  from  Kentucky  by  the  Ohio 
Kiver.  Its  greatest  length  from  north  to  south  is  31  miles,  and 
width  from  east  to  west  21  miles,  its  area  being  410  square  miles. 

rO-Qeolofy. 
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The  surface  rocks  of  tlie  county  are  those  of  the  Upper  or  Bar- 
ren Coi\]  MeasiirCxS,  the  workable  veins  of  the  Lower  Coal  Meas- 
ures being  everywhere  220  or  more  feet  below  the  surface.  As  a 
result,  outdrops  or  exposures  of  shales  and  under-clays  arc  seldom 
met  with.  Tlie  topography  of  the  county  consists,  for  the  most 
part,  of  river  bottom  of  varying  width,  terraces  or  second  bottoms 
and  gently  rolling  uj)land8.  Only  along  the  bluffs  of  the  Ohio  and 
AVabash  rivers  are  hills  and  ridges  of  any  height.  The  broad, 
annually  overflowed  alluvial  plains  range  up  to  five  miles  or  more 
in  width,  in  many  places  containing  numerous  ponds  and  lakes. 
With  the  exception  of  the  immediate  river  bluffs  between  New 
Harmony  and  Grand  Chain,  the  terrace  and  upland  soils  of  the 
county,  rank  among  the  best  of  southern  Indiana,  and  are  famous 
for  their  wheat  production,  w^hile  that  of  the  low^lands  is  as  noted 
for  its  crops  of  corn. 

The  northern  portion  of  the  county  is  drained  by  Black  River 
and  the  central  portion  by  Big  Creek,  both  of  w^hich  flow^  west- 
ward into  the  Wabash.  The  southern  third  drains  directly  into 
the  Ohio,  bv  way  of  numerous  small  streams  and  inlets. 

The  county  is  well  supplied  with  railway  facilities.  The  Mt. 
Vernon  branch  of  the  E.  &  T.  H.  Railwav  enters  at  its  northeast- 
ern  corner  and  runs  in  a  south-southwesterly  direction  to  Mt.  Ver- 
non, the  county  seat.  The  Peoria  Division  of  the  Illinois  Central, 
with  spur  to  New  Ilannony,  runs  diagonally  across  the  northern 
third,  while  the  Evansville-St.  Louis,  Division  of  the  L.  &  N. 
crosses  the  southern  tliird  from  east  to  west. 

The  only  exiK)sures  of  shale  which  were  visited  in  the  county 
were  in  the  east  bluff  of  the  Wabash,  near  the  ^'cut-off,"  about 
three-quarters  of  a  mile  southwest  of  New-  Harmony.  Here  the 
shale  is  exposed  in  two  ledges,  separated  by  a  bench  about  30  feet 
in  wadth.  At  on6  point,  about  100  feet  south  of  the  opening  of 
an  old  drift  slope  for  coal,  the  total  exposure  of  shale  is  104  feet 
thick.  Ten  roils  farther  south  the  lower  bench  is  GO  feet  and  the 
upper  bench  is  15  feet  in  thickness.  The  total  length  of  the 
exposure  is  700  feet,  and  the  shale  reaches  down  to  the  edge  of 
the  water  in  the  cut-off,  with  bottom  hidden.  The  lower  ledge  of 
shale  is  of  a  better  grade  than  the  upper,  being  a  soft,  imctuous, 
fine-grained  material,  which  was  everywhere  on  its  exposed  face 
weathered  into  small  quadrangular  blocks,  indicative  of  its  supe- 
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,  rior  quality.  About  12  feet  below  its  top  is  a  15-inch  band  of  iron- 
stone concretions.  The  upper  ledge  of  shald  is  more  sandy,  and, 
worked  alone,  could  probably  be  made  only  into  brick.  The  lower 
ledge  will  make  vitrified  wares  of  many  kinds,  such  as  sewer  pipe, 
hollow  building  block,  roofing  tite,  conduits,  etc.  A  railway  switch 
could  be  easily  constructed  from  the  station  at  Xew  Harmony  to 
the  north  end  of  the  bluff.  Since  steamers  readily  ascend  the  . 
Wabash  River  to  Xew  Ilarinony,  much  of  the  manufactured  mate- 
rial could  be  shipped  by  water  at  low  rate.  The  vein  of  coal  is  but 
14  to  16  inches  thick,  and  hence  not  workable,  but  cheap  fuel  could 
be  obtained  within  35  miles  of  the  site.  The  location  is  an  excel- 
lent  one  for  a  large  clay  industry. 

Aside  from  the  shales  at  Xew  Harmon v,  the  onlv  carboniferous 
clays  from  Posey  County  which  have  come  to  my  notice  were  two 
under-clays  taken  from  a  deep  bore  made  for  coal  on  the  grounds 
of  the  Industrial  Brick  Co.,  near  the  junction  of  the  L.  &  X.  and 
E.  &  T.  II.  Railways  at  ^It.  Vernon.  These  imder-clays  were, 
respectively,  three  feet  and  four  feet  in  thickness,  and  were 
obtained  from  beneath  two  coals,  six  feet  and  four  f(^et  in  thick- 
ness, found  at  depths  of  ij4:ij  feet  and  733  feet  below  the  surface. 
Analj'ses  of  the  under-clays  were  made  by  T.  AV.  Smith  of  Indian- 
apolis, and  their  composition  found  to  be  as  follows : 

Analyses  of  Under-clays  from  Mt,  Vernon, 

Per  OtfU. 
d  ft.  Vein,       i  Ft,  Vein, 
iilica  (SiO,)    7S.So  70.72 

Alumina   (AlA)    10.(H>  I'^t.TA) 

Wator  (combined)  «.08  8.()1) 

(May  base  and  sand 1)4.1W)  UA.m 

Ferric   oxide   (Fe.O;,) 2.25  LSo 

Lime    (CaO)    18  .20 

Maj?nesia  (MgO)    2.r)2  2.30 

Potash  (K.O)    : •. .       .o;{  .08 

Soda   (Xa.,0)    01  .02 

Fluxes   4.1)9  4.4r) 

Total    09.08  00.3(5 

The  clay  from  the  three-foot  vein  is  the  liiii:lier  in  silica,  and 
therefore  better  suited  for  making  refractory  clay  products  and 
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stoneware.  That  from  the  four-foot  vein,  when  mixed  with  a 
shale  or  clay  containing  five  to  eight  per  cent,  more  fluxes,  will  be 
found  suitable  for  the  manufacture  of  vitrified  products,  such  as 
sewer  pipe^  paving  brick,  etc.  In  another  bore  made  at  Mt.  Ver- 
non, by  Messrs.  E.  Brown  &  Son,  42  feet  of  drab,  clayey  shale 
(soapstone)  were  found  just  beneath  27  feet  of  yellow  loess  clay. 
The  loess  clays  .are  used  for  brick-making  at  several  points  in 
the  county.  At  Cynthiana  brick-making  has  been  carried  on  for 
many  years,  but  the  only  plant  now  running  is  that  of  Redmond 
&  Co.,  which  produces  about  700,000  brick  and  3,000  to  4,000 
rods  of  drain  tile  in  a  year.  The  maximum  depth  of  their  pit  is 
eight  feet.  To  obtain  the  best  consistency,  the  materials  from  all 
parts  of  the  bed,  from  top  to  bottom  are  mixed.  Fairchild's  Tile 
&  Brick  Works,  one  and  a  half  miles  southeast  of  Poseyville,  have 
been  operated  for  over  30  years.  The  loess  is  here  less  than  five 
feet  thick  and  rather  sandy.  At  New  Harmony  there  has  been 
a  small  brick  industry  for  many  years,  the  clay  coming  from  allu- 
vium on  the  upper  portion  of  the  flood  plain  north  of  the  town,  at 
the  works  of  George  B.  Beal.  The  pit  is  eight  and  a  half  feet 
deep ;  the  top  18  inches  is  a  "tender,  mealy  clay,"  easy  to  bum. 
This  is  mixed  with  six  and  a  half  to  seven  feet  of  tough,  waxy 
yellow  clay,  more  difficult  to  burn.  About  135,000  brick  were 
made  in  1904.  At  Mt.  Vernon  the  yellow  loess  clay  is  used  to' a 
depth  of  five  or  more  feet  without  stripping  in  making  drain  tile 
and  common  building  brick,  the  output  of  the  latter  having  been 
nearly  three  and  a  quarter  millions  in  1904. 

VANDERBURGH  COUNTY. 

Occupying  an  area  of  236  square  miles  in  the  southwestern  por- 
tion of  the  State  is  the  county  of  Vanderburgh.  Tt  lies  east  of 
Posey,  south  of  Gibson  anc^  west  of  Warrick  Counties,  and  on  the 
south  is  separated  from  Kentucky  by  the  Ohio  River.  The  ex- 
treme length  of  the  county  from  north  to  south  is  23  J  miles,  while 
its  greatest  width  from  east  to  west  is  13  miles. 

The  greater  portion  of  the  county  is  covered  by  the  rocks  of  the 
Upper  or  Barren  Coal  Measures.  Coal  VII,  the  uppermost  work- 
able vein  of  the  Lower  Coal  Measures,  occurs  close  to  drainage 
level  along  the  cast  edge  of  the  county,  but  in  the  central  and 
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western  parts  is  150  to  240  feet  below  the  surface.  The  northern 
part  of  the  county  is  a  fairly  level  tableland.  The  Ohio  River 
bottoms,  from  two  to  five  miles  wide,  extend  along  the  southern 
edge,  while  the  broad  bottoms  of  Pigeon  Creek  and  other  streams 
add  much  to  the  lowland  area.  The  intermediate  broken  area  is 
in  part  rolling,  and  to  a  less  extent  presents  rather  steep  or  abrupt 
slopes.  The  upland  is  from  150  to  350  feet  above  low  water  in 
the  Ohio. 

The  northwestern  corner  of  the  county  is  drained  by  Big  Pond 
Creek  and  its  brianchee,  the  central  third  by  Pigeon  Creek  and 
numerous  tributaries,  and  the  southern  portion  directly  into  the 
Ohio  by  a  number  of  small  streams  and  bayous. 

Evansvillej  the  county  seat,  is  the  second  city  in  size  in  the 
State,  and  is  especially  noted  for  the  number  and  magnitude  of  its 
manufactories.  This  is  largely  due  to  the  excellence  of  its  trans- 
portation facilities.  Occupying  an  important  site  on  the  Ohio 
River,  below  interrupting  rapids  and  ice,  and  near  the  outlet  of 
the  Wabash,  Greene  and  Tennessee  rivers,  it  has  an  important 
water  cc«nmunication  with  the  states  to  the  south  and  west,  which 
has  added  much  to  its  enterprise  and  growth.  In  addition  to  this, 
seven  railways  enter  its  bounds  and  furnish  direct  connection  with 
the  leading  cities  of  the  United  States.  These  are  the  E.  &  T.  II. 
and  E.  &  I.,  running  north  and  northeast  the  full  length  of  the 
county ;  the  Peoria  Division  of  the  Illinois  Central,  northwest ;  the 
St.  Louis  Division  of  the  Southern,  east ;  the  Ohio  Valley  and  the 
Louisville  &  Nashville,  south,  and  the  St.  Louis  Division  of  the 
L.  &  N.,  west.  Besides  these,  the  Evansville  &  Princeton  traction 
line  runs  north  and  the  Newburgh  suburban  line  east,  both  pass- 
ing beyond  the  limits  of  the  county. 

Next  to  transportation,  cheap  and  abundant  fuel  is  the  leading 
factor  tending  to  promote  manufacturing  interests.  Vanderburgh 
County  lies,  as  wo  have  seen,  wholly  within  the  Coal  Measures. 
A  four-foot  seam  of  coal  V  underlies  nearly  the  whole  area  of  the 
county.  Numerous  shafts  have  been  sunk  to  it  within  the  corpo- 
rate  limits  of  Evansville.  These  and  the  mines  at  Newbraargh  and 
Oakland  City  can  furnish  a  ch^ap  source  of  powcjc  for  fiaictories. 
unlimited. 
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Townships  ^  and  5  South,  Ranges  10  and  11  West, 

Few  if  any  workable  exposures  of  shale  or  under-clay  occur  in 
the  northern  half  of  the  county.  Coal  VII,  where  found,  aver- 
ages about  three  feet  thick,  and  is  underlain  by  a  good  bed  of 
under-clay,  three  to  five  feet  thick,  belovV  which  usually  occurs  a 
stratum  of  gray,  clayey  shale,  10  to  30  feet  in  thickness.  Coal 
VII  is,  in  most  places,  too  thin  for  profitable  mining,  but  if  it  and 
the  underlying  clays  were  worked  together  and  the  latter  put  to 
use  it  would  undoubtedly  prove  a  paying  enterprise. 

At  Inglefield,  in  the  northwest  half  of  section  8  (5  S.,  10  W.), 
a  bore  shows  coal  VII,  18  inches  thick,  at  a  depth  of  209  feet,  to 
be  underlain  with  four  feet  of  under-clay  and  38  feet  of  gray, 
clayey  shale.  At  the  Graff  place,  close  to  the  Illinois  Central 
Kailway,  in  the  northeast  of  22  (5  S.,  11  W.),  is  said  to  be  a  sur- 
face shale  deposit  30  feet  thick,  but  I  have  seen  no  samples  of 
the  material. 

On  the  land  of  C.  Lobshire,  near  the  line  of  the  E.  &  P.  Trac- 
tion Co.,  in  the  southwest  quarter  of  section  31  (5  S.,  10  W.),  is  a 
limestone  quarry  which  has  been  operated  for  50  years  for  mac- 
adam and  other  purposes.  The  limestone  lies  in  two  ledges,  each 
averaging  six  feet  in  thickness,  and  between  the  two  is  a  stratum 
of  soft  gray  shale,  two  and  a  half  feet  thick.  Above  the  upper 
ledge  of  limestone  is  a  cover  of  sandstone,  shale  and  surface  clay, 
8  to  20  feet  in  thickness. 

About  200  feet  south  of  the  quarry  is  an  outcrop  of  light  gray, 
clayey  shale,  in  very  thin  layers,  which  is  locally  called  a  potters' 
clay,  and  could  doubtless  be  used  for  stoneware.  It  is  a  soft,  grit- 
less,  unctuous  material,  about  18  inches  thick,  and  overlain  with 
six  to  eight  feet  of  loess  clay.  Several  tons  of  the  potters'  clay 
were  formerly  shipped  to  some  clay  factory  at  Evansville,  but 
information  as  to  what  one  or  the  character  of  the  ware  made  was 
not  obtainable. 

Township  6  and  Part  of  7  South,  liangcs  10  and  11  and  Part  of 

9  West, 

This  area,  comprising  the  southern  half  of  the  county,  contains 
practically  all  the  working  mines  and  the  principal  available  clay 
deposits. 


■,  ViiiicJorburtrb  Co. 


Sbtile  Pit  or  fituiidard  Brick  Co.,  i 
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The  EvansA-ille  Pressed  Brick  Company  has,  since  1800,  been 
using,  on  a  large  scale,  the  shales  found  in  the  immediate  vicinity 
of  Evansville  in  making  vitrified  brick  for  street  paving  purposes. 
For  some  time  under-clays  from  Lincoln  City,  8pencer  County,' 
and  other  points  were  used.  Wishing  a  cheaper  material,  the 
company'  began  experimenting  with  the  shales  found  along  the 
low  bluifs  of  Pigei>n  Cn^k,  and  finding  them  highly  suitable  for 
their  purpose,  purchased  a  tract  of  land  in  the  southeast  of  the 
northeast  of  section  24  (6  S.,  11  W.).  The  bed  from  which  the 
shale  is  at  present  obtained  is  on  this  land,  just  at  the  outskirts  of 
the  city,  and  three-quarters  of  a  mile  from  their  plant,  necessi- 
tating the  hauling  of  the  material  in  wagons  for  that  distance.  A 
section  at  the  pit  in  August,  1904,  showed  the  presence  of  tlie  fol- 
lowing strata : 

Section  of  Clay  Pit  of  Evansrille  Pressed  Brick  Comyany. 

Feet.  Jnrhee. 

1.  Soil  and  yellow  loess  day 11  0 

2.  Drab  to  blue  claj-ey  8hale 2S)  «» 

3.  Gray  saudy   shale 2  1) 

4.  Blue  clayey   shale 3+  0 

About  two  feet  al>ove  the  Xo,  3  shale  is  a  thin  layer  of  kidney 
iron  ore.  Aside  from  it,  everything,  from  the  grass  roots  down, 
is  used,  being  blasted  down  and  loaded  directly  into  the  wagons. 
Six  of  these,  hauling  one  and  a  half  cubic  yards  each,  make  nine 
trips  daily  between  the  pit  and  plant.  About  75  cubic  yards  a,re 
ground  daily,  the  remainder  being  stored  in  sheds.  The  expense 
for  teams  is  $21  per  day,  much  of  whicli  could  be  saved  by  put- 
ting in  a  railway  spur  or  a  tramway  between  the  plant  and  clay 
pit. 

Shales  Nos.  2  and  4  are  of  good  quality,  being  composed  of  that 
soft,  close-textured,  smooth  variety  of  clav  shale  locallv  known  as 
"soapstone."  The  gray,  sandy  shale,  Xo.  »5,  contains  just  about 
enough  sur|")lus  silica  to  form  a  mixture  well  suited  for  making  a 
vitrified  brick  at  once  strong,  tougli  and  practically  non-absorbent, 
and  one  of  which  manv  hundred  millions  have  been  sold  witliin  the 
past  fourteen  years.  A  daily  average  of  23,000  brick  were  made 
in  1904,  the  most  of  which  were  shipped  to  East  St.  Louis  and 
Belleville,  111.  The  company  owns  30  acres  of  land  surrounding 
the  pit,  and  have  worked  but  about  two  acres  of  it  in  12  years. 
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An  analysis  of  the  mixture  of  surface  clay  and  shale  as  it  goes 
into  the  brick  was  made  by  Dr.  Noyes,  and  its  composition  found 
to  be  as  follows : 

Analysis  of  Material  Used  in  Making  Paving  Brick  by  the  EvansvUle  Pressed 

Brick  Company, 

Per  Cent, 

Silica  (SiOJ    05.87 

Titanium  oxide  (TiOJ. . .  •. 1.10 

Alumina  (A1,0J  14.66 

Water  combined  4.59 

Clay  base  and  sand 86.22 

Ferric  oxide  (Fe,OJ  6.23 

Ferrous  oxide  (FeO). 1.37 

Lime  (CaO)    39 

Magnesia  (MgO)   1.54- 

Potash  (KaO)    2.66 

Soda  (Na,0)   1.31 

Fluxes   13.50 

Total 99.72 

This  proves  the  mixture  well  adapted  for  the  uses  to  which  it 
is  put,  as  the  composition  is  very  close  to  that  of  the  average  com- 
position of  the  Ohio  shales  used  for  such  purpose. 

This  deposit  of  shale,  both  drab  and  blue,  covers  a  large  area 
north  and  northwest  of  Evansville,  and  outcrops  in  a  number  of 
j^laces  along  Pigeon  Creek  and  its  tributaries.  An  especially  large 
and  valuable  bed  of  it  occurs  in  the  southeast  quarter  of  section 
8  (6  S.,  10  W.),  about  three-quarters  of  a  mile  east  of  Rose  Hill 
cemetery.  Along  the  borders  of  the  stream  known  as  Locust  Lick 
it  is  especially  noticeable.  On  the  farm  of  Rudolph  Fistle,  in  the 
northeast  quarter  of  section  14  (6  S.,  11  W.),  the  drab  variety  is 
exposed  to  a  thickness  of  11  feet,  and  on  the  land  of  Jenner  & 
Nugent,  one-half  mile  farther  east  (nortlieast  of  southwest  of  13) 
is  a  bold  bluff,  30  feet  in  height,  which  is  equal  in  quality  to  that 
worked  by  the  Evansville  Pressed  Brick  Co.  The  exposures  are 
mainly  of  the  drab  color,  due  to  their  being  weathered  and  also  to 
being  saturated  by  the  leachings  of  the  overlying  loess. 

At  the  Crescent  City  Park,  on  the  east  bank  of  Pigeon  Creek, 
southeast  quarter  of  section  24  (G  S.,  11  AV.),  a  bore  was  put  down 
a  number  of  years  ago  which  resulted  in  a  strong  flow  of  artesian 
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water.    The  record  of  that  bore  for  the  first  130  feet  was  as  fol- 
lows : 

Partial  Section  of  Bore  in  Crescent  City  Park. 

Feet,         Tnche$, 

1.  Soil  and  surface  clay 7  0 

2.  Soapstone    24  0 

3.  Gray  sandstone 2  6 

4.  Soapstone  and  shale 37  6 

5.  Gray  sandstone 1  0 

6.  CJoal    1  6 

7.  Under-clay    i 6  0 

8.  Gray  shale  51  0 

This  shows  an  inexhaustible  supply  of  excellent  clay  within  the 
city  limits,  for  the  ^'soapstone,"  of  which  more  than  60  feet  were 
gone  through,  is  the  best  material  known  for  paving  and  hollow 
brick,  sewer  pipe,  presised-front  brick  and  many  kindred  products. 

Across  Pigeon  Creek,  west  of  this,  near  Babytown,  is  a  high 
piece  of  ground,  known  as  "Law  Hill,"  northeast  of  southeast  of 
23  (6  S.,  11  W.),  on  the  western  slope  of  which  Adam  Helfrich 
had,  for  a  number  of  years,  one  of  the  largest  brick  yards  in  the 
vicinity  of  Evansville.  This  yard  has  been  recently  acquired  by 
the  Standard  Brick  Company,  and  the  plant  equipped  with  new 
machinery  for  making  a  dry-pressed  brick  from  shale.  The  shale 
outcrops  a  few  rods  back  of  the  kilns,  and  a  well,  34  feet  deep,  in 
the  yard,  did  not  reach  the  bottom  of  it.  Mr.  Helfrich  tested  it 
to  some  extent  in  making  ordinary  brick,  and  stated  that  it  was  far 
superior  to  the  surface  clay  for  that  purpose,  but  as  it  required 
different  machinery,  its  use  was  not  continued  by  him.  He  had 
stripped  the  surface  loess  from  seven  or  eight  acres  on  the  slope 
of  the  hill  and  left  the  underlying  shale  in  good  condition  for  the 
new  company  to  work.  At  the  pit  the  surface  loess  clay  is  eight 
feet  thick  and  the  exposure  of  shale  18  feet,  with  bottota  hidden. 
The  upper  eight  feet  is  rather  high  in  silica,  and  shows  some 
scales  of  mica,  while  the  lower  portion  is  a  tough,  smooth,  fine- 
grained, plastic  material.  A  mixture  of  the  two  makes  an  even- 
grained,  hard  and  durable  dry-pressed  brick,  dark  cherry  red  in 
color.  These,  while  green,  weigh  six  and  a  half,  and  when  burned 
five  and  a  half  pounds.  The  company  owns  27  acres,  including  a 
large  portion  of  Law  Hill.  They  began  making  the  dry-pressed 
brick  at  the  rate  of  20,000  per  day  in  June^  1904^  and  wero  selling 
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them  for  ordinary  building  purposes  at  $5.26  per  thousand  deliv- 
ered. The  shale  is  carted  to  the  dry  pans,  but  a  tramway  will  soon, 
be  put  in  and  a  storage  shed,  150x60  feet,  built,  which  will  hold 
clay  enough  for  a  million  and  a  half  brick.  The  plant  is  well 
equipped,  and,  with  an  abundance  of  excellent  raw  material  at 
hand,  it  will  undoubtedly  prove  a  paying  investment. 

Outcrops  on  the  east  side  of  Law  Hill  and  on  Wheeler's  Hill, 
to  the  northeast,  showed  that  almost  the  whole  of  the  east  half  of 
section  23  (0  S.,  11  W.),  is  underlain  with  a  good  quality  of  shale. 
These  two  hills  are  less  than  one-third  of  a  mile  from  a  railway, 
and  the  shale  at  both  places  can  be  secured  by  easy  stripping. 
These  deposits  contain  enough  of  it  to  furnish  paving  brick  for  all 
Southern  Indiana  for  a  hundred  years.  It  can  also  be  made  into 
dry  pressed-front  brick,  and,  if  carefully  selected,  into  sewer  pipe 
and  other  hollow  wares. 

At  the  First  Avenue  Coal  Mine,  located  near  Pigeon  Creek,  in 
the  western  part  of  the  city,  the  under-clay  beneath  the  worked 
seam  is  a  very  dark,  plastic  material,  which  could  be  utilized  in 
the  making  of  terra  cotta.  It  contains  some  pyrites,  which  can  be 
eliminated  to  a  large  extent  by  exposure  to  the  atmosphere.  The 
shale  overlying  the  coal  contains  too  much  bitumen  to  be  of  value 
for  vitrified  proilucts. 

The  yellow  surface  loess  clay  of  Vanderburgli  County  is,  like 
most  of  that  foimd  south  of  the  drift  area,  suitable  in  the  highest 
degree  for  ordinary  brick  and  will  make  ju'essed  front  brick  of  a 
fair  quality.  About  a  dozen  yards  were  operated  in  1J)04,  within 
a  radius  of  two  miles  of  the  Court  House  at  Evansville.*  A 
number  of  these  were  small  establishments,  where  tlie  output  was 
moulded  by  h-and.  Such  competition  could  but  result  in  very  low 
prices,  and  the  bricks  were,  in  August,  being  delivered  within  the 
city  at  $5.25  per  thousand. 

A  partial  analysis  of  a  sample  of  thit^  yellow  surface  clay  from 
tlie  brick  yard  of  Wm.  Schnute,  in  the  northeastern  part  of  the 
city  of  Evansville,  was  made  for  former  State  Geologist  Gorby 
by  Dr.  J.  N.  Hurty,  and  its  principal  constituents  found  to  be  as 
follows : 


^See  fltatisticnl  table  near  end  of  paper. 
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Partial  Analysns  of  Yellow-loess  Clay  from  Evansville. 

I  cr  Cent. 

Silica  (SiOa) 77.1)30 

Alumina  (ALO,)  12.100 

Clay  base  and  sand 00.090 

Magnesia  (MgO)   571 

Lime   (CftO)    , 'Ml 

Ferric   oxide   (Fe.,Oa) 4.4S0 

Fluxes 5.308 

Moisture  and  volatile 4.501 

This  shows  the  loess  to  be  higher  in  silica  and  lower  iji  alnniina 
than  that  found  at  Princeton!  It  is,  however,  a  clay  of  high 
purity,  and  Avith  a  composition  approaching  closely  some  of  the 
nnder-clays  of  the  coal  seams.  The  low  per  cent,  of  iron  oxide  is 
surprising,  as  the  color  of  the  clay  would  denote  much  more. 


WARRICK  COUNTY. 

Warrick  County  lies  along  the  southern  boundary  and  close 
to  the  southwestern  corner  of  the  State.  The  Ohio  River  runs 
along  part  of  its  southern  border.  It  is  situated  east  of  Vander- 
burgh, south  of  Pike  and  the  southeastern  corner  of  Gibson,  and 
west  and  partly  north  of  Spencer  county.  Its  extreme  length 
from  north  to  south  is  25^  miles,  and  width  from  east  to  west, 
24^  miles,  its  area  being  31)7  square  miles. 

The  entire  surface  of  the  county  is  covered  with  the  rocks  of 
the  Coal  ifeasures.  The  topography  is  for  the  most  part  rolling, 
but  rises  into  a  high  knobby  ridge  in  the  northern  part  of  the 
county,  where  the  waters  draining  south  divide  from  those  drain- 
ing northwest.  A  noticeably  high  ridge,  runs  down  the  western 
edge  of  Pigeon  Township,  in  the  northeast  corner.  Isolated  hills 
of  some  prominence  also  occur  near  the  center  in  the  southeastern 
part  of  Boone  township  and  close  to  the  Ohio  River  in  the  north- 
eastern part  of  Anderson  township.  The  latter  appear  to  owe 
their  existence  in  part  to  one  of  the  Coal  Measure  limestones. 
The  land  is  for  the  most  part  well  adapted  to  cultivation,  large 
quantities  of  wheat,  corn  and  hay  l>eing  annually  produced  and 
shi])ped  to  markets  on  the  Ohio  River.  Tobacco  is  also  one  of  the 
staple  products  grown. 
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The  northwestern  part  of  the  county  is  drained  into  Big  Creek, 
one  of  the  tributaries  of  Patoka  River.  Pigeon  Creek  drains  the 
western  third  of  the  county,  while  Little  Pigeon,  which  forms  the 
greater  part  of  the  eastern  and  southern  boundaries,  with  its 
numerous  branches  drains  the  eastern  half.  The  ^  only  other 
stream  of  any  size  is  Cypress  Creek,  which  flows  from  the  center 
south  into  the*  Ohio  River. 

The  railway  facilities  of  the  county  are  poor.  The  Evansville 
branch  of  the  Southern  Railway  runs*  east  and  west  across  the 
southern  half,  while  the  E.  &  I.  cuts  across  a  small  area  in  the 
extreme  northwestern  corner.  A  suburban  railway  between  New- 
burgh  on  the  Ohio  River, and  Evansville  is  the  only  other  outlet. 
The  north  half,  with  its  rich  mineral  resources  is  thus  distant 
from  means  of  transportation. 

Coal  VII  occurs  close  to  the  surface  in  the  western  third  of 
the  county.  Above  it  is  a  stratum  of  drab  to  blue  clay  shale; 
while  below  it  there  is  Usually,  though  not  always,  a  bed  of  good 
under-clay,  the  latter  in  places  directly  overlying  a  bed  of  shale. 
In  places  a  thin  vein  of  coal  VIb  occurs  below  coal  VII,  and  is 
often  separated  from  the  latter  only  by  under-clays.  Coal  V  is  the 
main  vein  mined  in  the  county,  but  its  under-clay,  here  as  else- 
where, is  of  inferior  grade.  In  the  northeastern  part  of  the 
county,  coal  IV  occurs,  50  to  75  feet  below  V,  and  is  often  over- 
lain with  a  good  bed  of  clay  shale  and  underlain  with  a  fair  qual- 
ity of  under-clay.  From  15  to  40  feet  below  IV  is  Illb,  beneath 
which  is  a  bed  of  good  under-clay  suitable  for  stoneware  and  many 
other  products. 

Township  ^  and  Part  of  S  South,  Ranges  6,  7,  8  and  9  West: 

This  area  of  171  square  miles  comprises  the  northern  third 
of  the  county,  and  is,  for  the  most  part,  distant  from  railways, 
the  E.  &  I.  crossing  its  western  border. 

Just  northwest  of  Selvin,  on  the  Taylor  fann,  southeast  quar- 
ter 31  (3  S.,  6  W.),  coal  IV,  two  feet  thick,  is  overlain  with 
ten  feet  or  more  of  soft,  gritless  shale,  suitable  for  many  kinds 
of  clay  products. 

In  the  vicinity  of  Scalesville,  southeast  comer  of  32  (3  S., 
7  W.),  coal  VI,  10  inches  thick,  is  overlain  with  10  or  more  feet 
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of  drab  to  blue  clay  shale  of  good  workable  quality,  and  under* 
lain  with  three  feet  of  dark  shaly  fire-clay.  Below  coal  VI,  about 
34  feet,  is  coal  V,  nearly  five  feet  in  thickness. 

Below  coal  Illb,  in  the  vicinity  of  Folsomville,  northwest  quar- 
ter section  35  (4  S.,  7  W.),  occurs  an  under-clay  four  or  more 
feet  thick.  This,  where  exposed  in  the  slopes,  has  partially 
weathered  into  a  high  grade  potters'  clay  which,  according  to 
O.  C.  Lee,  superintendent  of  the  Uhl  Pottery  at  Evansville,  is 
one  of  the  'best  in  the  State. 

Near  Lynnville,  in  the  northern  part  of  Hart  Township,  coal 
VII  occurs  close  to  the  surface  and  has  above  it  in  many  places 
a  thick  bed  of  soft  fine-grained,  drab  to  blue  clay  shale.  Just 
northwest  of  the  town  by  the  roadside  and  on  the  land  of  A.  J. 
McKinney,  southeast  quarter  of  section  33  (3  S.,  8  W.),  are  ex- 
posures of  this  shale  six  to  eight  feet  thick  with  bottom  hidden, 
and  with  two  to  four  feet  of  yellow  loess  clay  above.  On  the 
level  land,  two  to  four  feet  of  sandstone  lie  between  the  surface 
clay  and  shale.  This  is  close  to  the  survey  of  the  Evansville 
Division  of  the  Southern  Indiana  Railway.  Another  good  ex- 
posure occurs  in  the  north  part  of  the  town,  northeast  quarter  of 
section  4  (4  S.,  8  W.). 

On  the  D.  W.  Thompson  fann,  one-half  mile  east  of  Lynnville, 
northeast  quarter  of  section  3  (4  S.,  8  W.)  the  following  section 
is  esposed: 

Section  on  Thompson  Land,  near  Lynnville. 

FmH,        Inchea, 

1.  Yellow  loesa  clay 3  6 

2.  Drab  clayey  shale 2  6 

3.  Black  sheety  shale 1  0 

4.  CJoal  VII 3  1 

5.  Under-clay    2  9 

6.  Coal  VIb  2  6 

7.  Under-clay    3+  0 

The  shale  No.  2  and  the  under-clays  5  and  7  can  be  made  into 
many  kinds  of  clay  products,  the  under-clay  No.  5  being  especially 
suited  for  terra  cotta  and  hollow  building  block.  By  mining  it 
in  connection  with  the  coals,  both  veitis  of  the  latter  could  be 
readily  utilized. 

At  the  McGladden  mine,  three-quarters  of  a  mile  southeast  of 
Lynnville,  the  gray  clayey  shale  above  coal  VII  is  8+  feet  thick, 
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and  of  good  quality  for  clay  wares ;  wliile  between  coals  VII  and 
VIb  is  tbree  feet  of  under-clav. 

Near  Big  (h*eek,  by  the  side  of  the  Boonville  road,  two  and 
three-quarter  miles  south  of  J^ynnville,  occur  a  number  of  fine 
otitcrops  of  the  gray  clayey  shale  overlying  coal  VII.  These  ex- 
posures are  three  to  eight  feet  thick,  with  bottom  hidden,  and  are 
overlain  w4th  one  to  four  feet  of  vellow  loess  clav.  The  best  out- 
crops  are  in  the  northeast  quarter  of  15  and  the  north  half  of  22 
(4  S.,  8  W.),  on  the  Frencli  and  (iraham  farms.  The  shale  Js 
very  fine  grained,  soft  and  unctuous  and  evidently  occurs  close 
to  the  surface  over  a  wide  area  to  the  west.  If  the  Walsh  Rail- 
way is  ever  built  this  shale  will  prove  a  valuable  material  for 
many  kinds  of  vitrified  wares. 

In  Greer  township  (4  S.,  0  W.),  coal  VII,  from  10  to  75  feet 
below  the  surface,  probably  i*eaches  its  'maximum  thickness  in 
southern  Indiana,  ranging  from  four  and  a  half  to  six  feet.  Above 
the  coal  is  one  to  two  inches  of  l>one  coal,  then  clay  shale,  with 
thin  bands  of  iron  ore  for  a  thickness  of  30  or  more  feet.  This 
shale  is,  for  the  most  ])art,  a  good  clay-working  material. 

On  the  ^liller  farm,  in  the  northeast  quarter  of  section  13,  the 
coal  has  been  struck  in  wells  at  a  depth  of  about  18  feet,  Avith 
the  gray  clay  shale  forming  the  greater  part  of  the  cover.  At  the 
Thompson  mine,  southeast  quarter  of  10,  the  coal  is  26  feet  below 
the  surface,  with  a  gocnl  bed  of  shale  al>ove.  This  latter  point  is 
a  mile  and  a  half  east  of  the  E.  tt  I.  Railway. 

Township  f)  South,  Iianges  7 ,  8,  0  and  Part  of  6  West, 

This  are'a  of  124  square  miles  comprises  the  central  third  of 
the  county.  The  Southern  Railway  ruu'^  east  and  west  across  its 
greater  portion.  Coal  VII  covers  the  western  third,  while  coals 
V,  IV  and  Illb  form  the  surface  veins  of  the  eastern  half. 

The  coal  mined  in  the  vicinity  of  Boonville  is  Xo.  V,  and  the 
accompanying  under-days  and  shal(\s  are  of  little  value.' 

Bv  the  side  of  the  Evansville  J)ivisi(m  of  the  Southern  Rail- 
way  one  mile  northeast  of  Bcnrnville,  i.*?  an  abandoned  shaft  of 
the  Big  Four  Con]  (\).,  in  which  the  following  section  is  exposed: 


• 


• 
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Section  at  Old  Shaft  of  Big   Four  Coal  Company. 

Feet^        Inche; 

1.  Soil  and  surface  clay 12  0 

2.  Shelly  sand  rock,  with  niiinerous  8niall  iron  kid- 

neys    3  0    . 

3.  Dark  shaly  fossilifcrcus  limeHtoue 13  0 

4.  Black   8heety   shale 4  0 

5.  Coal  V   0  4 

6.  Under-clay    .^ 2+  0 

No  one  of  these  is  suitable  for  inanufacturiiig.  Tlie  under- 
clay,  the  thickness  of  which  I  was  not  able  to  detorniine,  is  verv' 
hard,  of  a  greenish-gray  tint,  and  contains  so  large  a  percentage 
of  alkali  fluxes  as  to  render  it  worthless.  Brick  made  from  it 
were  tested  by  L.  Klostermier,  of  Boonville,  in  the  floor  and  flue 
arches  of  clamp  kilns.  In  a  short  time  they  began  to  swell  up, 
then  the  surface  melted  and  flowed  like  slag,  and  finally  the 
whole  body  of  the  brick  became  black,  porous  and  lava-like  in 
appearance. 

Three-fourths  of  a  mile  northeast  of  this  old  shaft  is  the  worked 
mine  of  the  T.  1).  Scales  Coal  (.\>.,  northeast  (puirter  section  25  (5 
S.,  8  W.).  Here  Xo.  V  coal,  seven  feet  thick,  is  mined  at  a  depth 
of  40  feet.  The  air  shaft  slope,  1»3()  feet  in  length,  starts  in  the 
black  shale  above  the  coal  and  goes  up  at  an  angle  of  al)Out  40 
degrees.  Just  above  the  black  shale  is  a  band  of  iron  carbonate 
about  one  fAot  thick,  and  above  this  a  light  clay  shale  10  to  12 
feet  in  thickness.  Overlying  the  shale  is  10  to  12  feet  of  soft 
sandstone,  then  13  feet  of  yellow  loess  clay  which  forms  the  sur- 
face. 

At  the  brick  vards  of  L.  Klostermier  and  the  Industrial  Brick 
Works,  in  the  northern  part  of  the  town  of  Boonville,  north  half 
of  section  26  (5  S.,  8  W.),  an  exposure  of  soft  gray  unctuous  soap- 
stone  has  been  made  bv  the  removal  of  the  vellow  surface  clav. 
This  stratum  has  been  jn'oven,  by  boring,  to  be  from  seven  to  30 
feet  in  thickness.  On  the  vard  at  the  Industrial  Works  the  fol- 
lowing  section  is  ex|K)sed: 

Fett.  Inch  en, 

1.  Soil     1  3 

2.  Yellow  loess  clay   (J  U 

3.  Soapstone  witli  Inyer  of  iron   kidneys  hi  npper  <; 

inches    10  o 

4.  Sandstone    V?  0 
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No  use  has  been  made  of  this  soapstone.  Mr.  Klostermier  has 
ground  some  of  it  and  attempted  to  make  drain  tile,  but  it  clogged 
the  machine  too  badly.  Mixed  with  a  more  siliceous  material,  as 
the  overlying  surface  clay,  it  will  undoubtedly  prove  suitable 
for  vitrified  products  and  hollow  brick.  Aside  from  the  iron  con- 
cretions found  in  its  upper  part,  the  stratum  is  remarkably  pure 
and  homogeneous  throughout.  In  a  well  pn  the  Wm.  Adams  lot 
in  Boonville  this  shale  is  said  to  have  been  20  feet  thick. 

At  the  Pace  &  Ingle  farms,  along  Squaw  Creek,  northwest 
of  Boonville,  west  half  of  section  3  (5  S.,  8  W.),  coal  VII,  about 
three  feet  thick,  is  overlain  with  eight  to  12  feet  of  gray,  clay 
workable  shale.  The  same  coal  and  shale  outcrop  in  various  places 
in  sections  4,  5,  6,  8  and  18  (5  S.,  8  W.). 

At  Millersburg,  in  the  southeast  quarter  of  11  (5  S.,  9  W.),  coal 
VII  has  12  to  14  feet  of  overlying  clay  shale  and  five  to  seven 
feet  of  under-clay  and  gray  shale  beneath. 

At  the  Chandler  shaft,  in  the  southwest  quarter  of  36  (5  S., 
9  W.),  the  following  section  is  reported : 

4 

Section  cU  Chandler  Shaft. 

Feet,      Inchee,       Feet.       Inckee, 

1.  Clay  shale   16  0  16  0 

2.  Coal  VII   2  6  18  6 

3.  Under-clay 2  0  20  6 

4.  Blue  dark  limestone  with  crinoid 

stems    9  5  29  11 

5.  Clay  shale 4  0  33  11 

6.  Hard  sandstone    3  0  36  11 

7.  Light  clay  shale 0  8  37  7 

8.  Sandy  shale  11  10  49  5 

9.  Sandstone   5  3  54  8 

10.  Gray  clayey  shale 10  5  65  1 

11.  Dark  clayey  shale 2  1  67  2 

12.  Gray  shale  with  plates  of  sand- 

stone   34  0  101  2 

13.  Black  sheety  shale 1  0  102  2 

14.  Shaly  clod  with  large  boulders...     0  8  102  10 

15.  Coal  V  4  2  107  0 

16.  Under-clay    4  0  111  0 

17.  Sandy  shale,  iron  nodules 5  0  116  0 

Of  these  Nos.  1,  3,  5,  7,  10,  11  and  part  of  12,  aggregating 
50  feet  iij  vertical  thickness^  caij  be  worked  into  claj^  products. 
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Township  6  and  Part  of  7  South,  Ranges  8  and  Parts  of  9 

and  7  West. 

This  area  of  102  square  miles,  comprises  the  southern  third  of 
the  county.  About  10  miles  of  its  southern  border  lies  along  the 
Ohio  Kiver. 

The  Southern  Eailway  cuts  across  its  northwestern  comer  and 
the  E.  &  X.  suburban  line  runs  as  far  as  Newburgh  in  the  south- 
western comer. 

Coal  VII,  with  its  accompanying  shaleis  and  under-clays,  covers 
the  greater  part  of  the  western  half  and  also  occurs  in  the  higher 
hills  and  ridges  north  of  Yankeetown.  Coal  V  is  the  principal 
vein  mined.  At  the  Eph.  Whitmer  mine,  in  the  northeast  quarter 
of  1  (6  S.,  8  W.),  18  feet  of  gray  clay  shale  overlies  the  worked 
vein  V,  here  five  and  a  half  feet  thick.  The  same  bed  of  shale, 
20  or  more  feet  thick,  occurs  over  coal  V,  in  the  southeast  quarter 
of  36  (6  S.,  8  W.),  and  at  the  Herring  slope  in  the  northwest 
quarter  of  14  (7  S.,  8  W.). 

On  the  west  side  and  close  to  the  mouth  of  Cypress  Creek,  in 
the  northeast  quarter  of  section  12  (7  S.,  9  W.),  is  an  exposure 
of  soft  gray  clayey  shale,  10  or  more  feet  in  thickness.  This  is 
on  the  north  bank  of  the  Ohio,  on  land  belonging  to  Dr.  Wilson, 
of  Yankeetown.  If  utilized,  the  wares  could  be  shipped  by  water. 
It  can  be  burned  into  a  variety  of  vitrified  products.  Coal  V,  four 
and  a  half  feet  in  thickness,  lies  about  76  feet  beneath  the  shale. 
The  proposed  Evansville  and  Rockport  trolley  line  passes  over  the 
shale  deposit 

The  vicinity  of  Newburgh  offers  special  attractions  to  persons 
seeking  sites  for  clay  working  industries.  It  is  on  the  Ohio  River 
and  the  suburban  line  from  Evansville,  so  that  shipments  can  be 
made  either  by  water  or  rail.  Raw  material  of  good  quality  is 
abundant  and  a  four  foot  vein  of  coal  V  is  mined  at  90  to  120 
feet. 

One  and  a  half  miles  north  of  the  town,  southeast  quarter  of 
27  (6  S.,  9  W.),  the  soft  drab  clay  shale  overlying  coal  VII  out- 
crops in  the  road,  with  three  to  five  feet  of  yellow  loess  above. 
At  this  point  a  boring  15  feet  deep  did  not  reach  the  bottom  of 
the  shale  stratum.  A  69  acre  tract  of  land  adjoining  the  outcrop 
was  purchased  in  1904  by  the  Star  Brick  and  Tile  Co.,  of  New- 

21— G«olof7. 
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burgh.  On  this  tract,  about  an  eighth  of  a  mile  southeast  of  the 
outcrops  in  the  road,  a  test  pit  four  feet  in  diameter  and  10  feet 
deep,  was  sunk  in  the  shale  without  reaching  bottom.  In  the 
cemetery  just  south  the  top  of  the  shale  occurs  three  to  four  feet 
below  the  surface,  and  it  evidently  underlies  a  large  area  north 
fend  northwest  of  Newburgh. 

Samples  of  both  the.  surface  loess  and  the  shale  were  burned 
into  dry  pressed  front  brick,  which  were  first  class  in  every  re- 
spect. They  were  very  hard,  with  good  corners  and  edges,  a 
smooth  surface  and  a  clear  metallic  ring.  The  brick  made  from 
the  shale  were  a  little  smaller  and  darker  colored  than  those  from 
the  loess.  Samples  of  vitrified  street  brick  from  the  shale  have 
also  been  made,  which  were  dense,  strong  and  apparently  non- 
absorbent.  The  shale  can  also  be  made  into  sewer  pipe  and  differ^ 
ents  kinds  of  hollow  vitrified  wares.  From  a  mixture  of  equal 
parts  of  the  shale  and  loess  a  good  quality  of  clay  shingle  is  being 
made  by  the  Star  Company. 

The  Warrick  Eoofing  Tile  Co.,  of  Newburgh,  is  using  a  gray 
plastic  surface  clay  in  making  a  roofing  tile.  This  clay,  seven 
feet  thick,  is  found  in  their  pit  in  the  north  side  of  the  town  and 
is  carted  to  the  plant.  It  is  free,  from  grit  and  otherwise  very 
pure,  and  burns  to  a  handsome  light  cherry  red  tile  which  sell  at 
$6.00  per  square.  Building  brick  and  drain  tile  are  also  manu- 
factured by  the  company  from  the  same  clay. 

At  the  shaft  of  the  Evansville  and  Ohio  River  Coal  Co.,  one- 
half  mile  west  of  Newburgh,  coal  V,  four  feet  thick,  is  mined  at 
a  depth  of  128  feet.  Coal  VII  occurs  at  a  depth  of  47  feet,  with 
two  and  a  half  feet  of  under-clay  beneath. 

By  the  side  of  the  suburban  railway,  two  miles  west  of  New- 
burgh,  in  the  southwest  quarter  of  section  32  (6  S.,  9  W.),  the 
Ohio  River  Coal  Company  has  just  completed  a  shaft  to  coal  IV, 
five  feet  nine  inches  thick,  253  feet  below  the  surface.  As  this 
is  the  only  shaft  sunk  to  coal  IV  so\ith  of  Linton,  Greene  County, 
I  have  thought  best  to  incorporate  its  full  log,  for  the  use  of 
future  prospectors  who  wish  to  develop  that  vein  in  southern 
Indiana.  The  record  was  obtained  for  me  by  State  Mine  Inspector 
Epperson,  who  visited  the  shaft  several  times  while  it  was  being 
sunk,  and  brought  in  samples  of  the  strata^  passed  through. 
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Section  of  Epwarth  Mine  Shaft  west  of  Newburgh,  Warrick  Co, 

Ftet.      Inckee,        Feet.        Inehf, 

1.  Surface    8           0             8  0 

2.  Sand,  loose,  rather  dry 42           0           60  0 

3.  Soft  gray  mud 5           0           55  0 

4.  Sand   7            0           62  0 

5.  Sand  rock 12           0           74  0 

6.  Soft  gray  clayey  shale 10           0           84  0 

7.  Hard  sandy  shale 1           0           85  0 

8.  Soft  gray  to  blue  clayey  shale   - 

with  occasional  ironstone  nod- 
ules      16           6          101  6 

9.  Sandy  shale  2           0          103  6 

10.  Dark  blue  clay  shale 10           0         113  6 

11.  Fltat  rock  6          114  0 

12.  Dark  gray  clayey  shale 10           6          124  6 

13.  Black  bituminous  shale 1            6          126  0 

14.  Gray  clayey  shale 3           0         129  0 

15.  Black  bituminous  shale 1           0         130  0 

16.  Coal  V  3            7          133  7 

17.  Under-day.  light  bluish  gray 4           0          137  7 

18.  Limestone   6           0          143  7 

19.  Hard  dark  blue  shale 2           6         146  1 

20.  Sand  rock  4           0          150  1 

21.  Dark  gray  clayey  shale .•  41            6          191  7 

22.  Light  gray  clayey  shale. ... 24           0         215  7 

23.  Black  shale   6          216  1 

24.  Hard  rock 4          216  5 

25.  Coal  IVb  1          10          218  3 

26.  Under-clay    1           6          219  3 

27.  Gray  clay  shale 2           0         221  3 

28.  Gray  sandy  shale 15       .     0          236  3 

29.  Hard  rock   1            0          237  3 

30.  Hard  gray  sandy  shale 3           0          240  3 

31.  Hard  gray  shale 7           0          24i  3 

32.  Cdal  IV 5            9          263  0 

The  section  is  remarkable  for  the  number  and  variety  of  the 

different  clay  shales  passed  through.    Nos.  6,  .8,  10,  12,  19,  21 

and  22,  aggregating  no  less  than  115  of  the  total  of  253  feet  of 
the  section  are  composed  of  very  fine  grained  shales  which,  were 
it  practicable,  could  be  made  into  the  best  of  vitrified  products. 

The  yellow  loess  covers  a  large  portion  of  Warrick  County,  and 
at  several  yards  is  utilized  for  soft  mud  brick  making.    Those  at 

Newburgh  and  Boonville  have  already  been  mentioned.  Others 

at  Lynnville  and  Elberfeld  use  from  five  to  seven  feet  of  the 
loess,  little  or  no  stripping  being  necessary  at  either  place. 
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SPENCER  COUNTY. 

This  is  a  county  of  irregular  elongate  shape,  situated  in  the 
southwestern  part  of  the  State  on  the  Ohio  River.  On  the  north 
it  is  bordered  by  Dubois  and  Warrick  counties,  on  the  west  by 
Warrick  and  on  the  east  by  Perry  County.  Since  the  eastern 
border  is  formed  mainly  by  Anderson  Creek,  the  western  by 
Little  Pigeon  River  and  the  southern  by  the  Ohio  River,  the  out- 
lines of  the  county  are  of  necessity  very  uneven.  The,  maximum 
length  from  the  northeastern  comer  to  the  Warrick  County  line 
at  the  southwestern  corner  is  34^  miles,  and  the  greatest  width 
from  east  to  west,  21  miles ;  its  area  being  406  square  miles. 

The  surface  rocks  of  the  county  are,  for  the  most  part,  those 
of  the  Coal  Measures,  the  Mansfield  Sandstone  outcropping  only 
along  Anderson  Creek  on  the  eastern  border.  The  eastern  part 
of  the  county  is  very  rough,  the  surface  being  broken  into  high 
hills  and  sharp  ridges,  with  narrow  intervening  valleys.  The, 
hills  rise  from  50  to  240  or  more  feet,  with  precipitous  walls  and 
overhanging  cliffs.  Farther  west  the  hills  are  lower,  with  gentle 
slopes  running  off  into  broad  valleys.  To  the  west  and  south  along 
Pigeon  Creek  and  the.  Ohio  River  there  is  a  wide  stretch  of  bot- 
tom land,  varying  in  width  from  a  mile  to  six  miles  or  more. 
From  the  Ohio  River  at  Rockport  to  a  point  some  eight  miles 
west  is  a  triangular  body  of  hilly  uplands,  the  hiUs  rising  from 
30  to  60  feet  above  the  surrounding  plains.  A  large  part  of  the 
western  and  southern  portions  of  the  county  is  covered  with  a 
soil  of  great  fertility.  The  leading  crops  are  com,  hay,  tobacco 
and  potatoes. 

Thi3  extreme  east^n  part  of  the  county  is  drained  by  Anderson 
River,  a  meandering  stream  with  a  narrow  valley,  enclosed  be- 
tween high  and  broken  banks.  The  central  and  southern  portions 
drain  into  the  Ohio  through  Crooked,  Little  Sandy,  Big  Sandy, 
Honey  and  Garrett's  creeks.  The  level  lands  of  the  northwestern 
and  southwestern  portions  are  drained  by  a  number  of  ditches 
and  small  streams  leading  off  to  the  west  into  Pigeon  Creek  and 
to  the  south  into  the  Ohio. 

The  Rockport  Branch  of  the  St.  Louis  Division  of  the  Southern 
Railway  crosses  the  county  from  "north  to  south,  passing  through 
Lincoln  City  and  Chrisney,  and  ending  at  Rockport.    The  Cannel- 


ton  Branch  of  the  same  road^  crosses  the  county  from  northwest 
to  southeast,  *  from  Lincoln  City  to  Anderson  Kiver,  one  mile 
above  Maxville.  The  Eyansville  Branch  of  the  Southern  Kail- 
way  runs  east  and  west,  across  the  northern  half  of  township  5 
south,  6  west.  The  Ohio  Biver  on  the  south  also  affords  a  splen- 
did outlet  for  commerce  to  points  east  and  west. 

Coal  IV,  the  uppermost  vein  occurring  in  the  county,  is  found 
only  in  the  Knobs  north  of  Bockport,  and  west  of  Centreville.  It 
is  often  overlain  with  a  good  bed  of  clay  shale.  Coal  m,  which 
is  the  most  persistent  and  the  main  vein  worked  in  the  county, 
is  usually  overlain  with  a  thin  bed  of  coal  Ilia,  and  one  or  two 
strata  of  good  clay  working  shales.  These  shales  form  the  surface 
in  a  number  of  localities.  The  underplay  beneath  Ilia  is  also 
of  good  quality  for  clay  wares,  but  that  beneath  III  often  con- 
tains too  much  sulphur  and  copperas. 

Township  ^  South,  Ranges  ^  and  6  West. 

This  area  of  72  square  miles  lies  along  the  northern  border  of 
the  county  and  the  western  third  is  crossed  from  north  to  south 
by  the  Evansville  Branch  of  the  Southern  Kailway.  Coal  HI 
occurs  near  the  surface  over  4  south,  5  west,  and  the  western  half 
of  4  south,  4  west. 

The  main  clay  working  materials  in  4  south,  4  west,  are  a  bed 
of  under-clay  and  shale  immediately  below  a  thin  vein  of  coal 
nia.  A  good  exposure  of  this  under-olay  and  shale  occurs  on 
the  southwest  quarter  of  section  6,  the  strata  showing  as  follows : 

Section  of  Hill  in  Southwest  Quarter  of  Section  6  (4  S,,  4  W.), 

Fni.        Incket, 

1.  Surface 4  6 

2.  Thin  bedded  sandstone : .  1  0 

3.  Ck>alIIIa 0  5 

4.  Under-clay   2  0 

5.  Drab  clayey  shale 15  0 

The  same  coal  and  under-clay  outcrop  on  the  Metzger  place  in 
the  southewest  quarter  of  5 ;  on  the  Altmeyer  farm  in  the  north- 
east quarter  of  5 ;  on  a  hill  near  the  center  of  16,  and  on  the 
Schue  farm  in  the  northwest  quarter  of  30.  The  section  near  the 
center  of  16  is  as  follows : 


32^  BBPOBT   OF   8TATB   OEOLOOI8T. 

Section  near  the  center  of  Section  16  US,  4  W.). 

1.  Sou   6  0  5  0 

2.  Sandstone  and  shale 4  0  9  0 

3.  Coal  Ilia 0  6  9  6 

4.  Under-clay    2  0  11  6 

5.  Drab  clayey  shale 19+  0  24  6 

At  the  Schue  place  the  under-clay  is  four  feet  and  the  shale  15 
feet  in  thickness. 

In  the  southwest  quarter  of  section  27  (4  S.,  5  W.),  coal  Ilia 
is  underlain  with  one  foot  of  clay  and  14  feet  of  shale.  A  drilled 
well  at  the  Mariah  Hill  Marble  Works  is  reported  to  have  passed 
through  78  feet  of  "fire  clay^'  below  coal  Ilia.  This  was  doubt- 
less mostly  clay  shale.  At  the  J.  R.  Thorp  farm  in  the  northwest 
of  22  (4  S.,  5  W.),  coal  Ula  is  two  and  a  half  feet  thick  with 
under-clay  five  feet  thick  and  then  shale  below.  The  coal  has 
been  worked  by  drift  slopes  quite  extensively  near  Dale  Station 
in  section  16^  and  is  everywhere  underlain  with  the  clay  and  shale. 

Township  6  South,  Ranges  i,  5  and  Parts  of  S  and  6  West. 

This  area  of  about  100  square  miles  lies  a  little  north  of  the 
center^  and  is  well  supplied  with  transportation  facilities.  Coals 
Illa^  in  and  IE  occur,  with  the  shales  between  Ilia  and  III 
and  the  underplays  of  both  coals  forming  the  principal  clay  work- 
ing materials.  One  of  the  best  exposures  of  shale  is  in  the  cut 
on  the  Cannelton  branch  of  the  Southern  Railway  a  mile  and  a 
quarter  southeast  of  Lincoln  City.  This  is  several  hundred  feet 
in  length  and  30  feet  deep,  a  section  showing  the  following  strata : 

Section  at  Railway  Cut  Southeast  of  Lincoln  City. 

Fui.        Jnehet. 

1.  Soil  and  surface  clay 4  0 

2.  Light  drab  clayey  shale 10  0 

3.  Ck>ncretions  of  kidney  iron  ore 0  4 

4.  Dark  gray  clayey  shale 16  0 

With  the  exception  of  the  four  inch  band  of  iron  ore  this  de- 
posit of  shale  is  free  from  impurities.  It  is  soft,  gritless,  and 
weathers  in  places  into  quadrangular  pieces  an  inch  or  two  in  size, 
indicative  of  its  superior  grade.    An  analysis  of  a  mixture  of  the 
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two  colors  of  this  shale,  made  by  Dr.  Noyes,  shows  the  following 
composition : 

Analy9is  of  Shale  from  CiU  on  OanneUon  Branch  of  SotUhem  Railway, 

Silica  (SiO 56.68 

Titanium  oxide  (TiOJ 90 

Alumina  (A1,0,) ^ 20.33 

Water  combined  6.54 

Clay  base  and  sand 84.45 

Ferric  oxide  (Fe,0«) 4.35 

Ferrous  oxide  (FeO) ,. 3.69 

Lime  (CaO) 57 

Magnesia  (MgO)  2.04 

Potash  (K,0)  ..- 3.15 

Soda  (Na»0>  63 

Fluxes 14.43 

Carbon  dioxide  (CO,) .47 

Total 99.35 

This  shows  but  a  slight  variation  from  the  standard  average 
composition  of  shales  suitable  for  vitrified  products,  and  proves 
the  chemical  fitness  of  this  deposit  for  that  use. 

This  stratum  of  shale  overlies  a  large  area  south  and  southwest 
of  Lincoln  City.  Exposures  from  15  to  30  feet  in  thickness  are 
made  in  it  by  the  Rockport  branch  of  the  Southern  Railway  at 
Eliza  cut  between  Lincoln  City  and  Rockport  Junction,  and  at 
the  Searles  cut,  one  half  mile  south  of  the  latter  point.  Other 
outcrops  are  found  on  the  Cannelton  branch  between  the  big  cut 
above  mentioned  and  Buffaloville,  and  between  the  stations  of 
Lamars  and  Evaston. 

At  the  Searles  cut,  300  feet  long,  the  shale  is  15  feet  thick, 
with  four  feet  of  yellow  surface  clay  above.  The  lower  five  feet 
of  shale  is  dark  grayish  iSue,  and  contains  more  silica  than  the 
upper  drab  stratum.  A  layer  of  ironstone  nodules  separates  the 
two,  as  at  the  cut  on  the  Cannelton  branch.  .The  land  adjoining 
the  Searles  cut  on  the  west  belongs  to  Hon.  F.  B.  Posey,  of  Evans- 
ville.  A  bore  made  on  his  land  near  the  north  end  of  the  cut 
disclosed  the  following  section : 
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Section  of  Bore  on  Land  of  F.  B.  Posey ,  southwest  of  Lincoln  City. 

Feet.         Inehee, 

1.  Dark  gray  to  blue  shale 8  0 

2.  Coal  Ilia 0  3 

3.  Under-clay   7  0 

4.  Hard  gray  limestone 8  0 

5.  Black  shale 1  0 

6.  Under-clay   6  0 

7.  Limestone 7  0 

8.  Bliie  clay  shale 6  0 

Coal  ni  was  not  reached  at  this  point  unless  it  be  represented 
by  the  black  shale  No.  5.  The  nnder-clays  3  and  6  will  be  found 
suitable  for  all  kinds  of  hollow  vitrified  wares. 

On  the  land  of  John  S.  Meyer,  one  mile  southeast  of  Lincoln 
City,  northeast  of  southeast  of  5  (5  S.,  5  W.),  is  the  old  Henry 
Shaf er  mine,  now  operated  by  the  Lincoln  Mining  Company.  An 
excellent  grade  of  coal  III  is  here  mined,  the  coal  averaging  about 
three  feet  eight  inches  in  thickness  and  overlying  a  bed  of  dark 
gray,  fine  grained,  unctuous  under-clay,  five  to  eight  feet  in 
thickness.  The  coal  is  now  mined  by  a  slope  shaft  and,  where 
struck,  lies  14  feet  below  the  surface.  From  one  to  two  feet  of 
the  clay  have  to  be  removed  for  height.  One  thousand  or  more 
carloads  of  it  were  shipped  in  1891  and  1892  to  Evansville  and 
made  into  vitrified  brick  by  Lant,  Morris  &  Co.  When  this  firm 
discovered  and  began  to  utilize  the  shale  near  Evansville,  the  ship- 
ping of  the  under-clay  was  discontinued.  It  is  now  raised  ^nd 
thrown  on  the  dump  or  stored  in  the  worked-out  areas.  It  costs 
30  cents  a  ton  to  handle  it,  and  when  shipped  brought  60  to  65 
cents  on  the  cars  at  the  mine.  Two-  carloads  of  it  were  shipped 
to  the  Uhl  Pottery  Company,  at  Evansville,  in  1903  and  burned 
into  fire  brick  and  stoneware.  The  fire  brick,  when  tested,  stood 
up  well  under  a  temperature  as  high  as  2,900°  F.,  but  beyond 
that  point  began  to  fuse.  It  will  serve  well  for  terra  cotta;  hol- 
low building  block,  conduits  and  similar  wares. 

Southeast  of  this  mine,  in  the  west  half  of  section  4,  The  Rock- 
port  Clay  and  Mining  Co.,  E.  L.  Boyd,  Manager,  own  185  acres 
which  is  underlain  with  the  same  grade  of  clay,  from  eight  to 
11  feet  in  thickness.  The  overlying  coal  III  is  here  three  arid 
a  quarter  to  four  feet  thick.     The  Cannelton  branch   of  the 
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Southern  Bailway  passes  through  the  tract,  so  that  transporta- 
tion,  fuel  and  raw  naaterial  are  all  together. 

Lincoln  City  is.  a  growing  town  and  an  important  junction  point 
on  the  Southern  Kailway.  With  large  deposits  of  shale,  under- 
clay  and  coal  in  its  immediate  vicinity  and  with  good  railway 
facilities  it  offers  excellent  advantages  for  the  location  of  a  great 
clay  industry. 

Aside  from  the  above  mentioned  points  close  to  Lincoln  City, 
coal  Ilia,  with  its  underlying  clay  and  shale,  15  or  more  feet 
thick,  outcrops  300  yards  south  of  the  center  of  the  east  haU  of 
11,  one-half  mile  northeast  of  the  Cannelton  branch;  also  near 
the  center  of  the  north  half  of  section  2. 

In  that  portion  of  5  S.,  6  W.,  in  Spencer  County,  coal  in  is 
worked  in  several  places.  On  the  southwest  quarter  of  section 
2  it  overlies  five  feet  of  a  good  grade  of  under-clay. 

Townships  6  and  7  South,  Ranges  U  and  5,  and  Parts  of  S  and 

6  West. 

This  area' of  about  180  square  miles  comprises  the  south  half  of 
the  county,  and  as  it  contains  few  clay  deposits  will  be  treated 
but  briefly.  At  Gages'  Hill,  northeast  quarter  of  16  (6  S.,  4  W.), 
a  coal  two.  and  a  half  feet  thick  at  38  feet  from  the  surface  over- 
lies four  feet  of  under-clay;  while  neat  thp  foot  of  the  hill,  22 
f^et  of  blue  clayey  shale  is  exposed  above  another  two  and  a  half 
foot  vein  of  coal,  with  five  or  more  feet  of  under-clay  beneath. 

Near  Newtonville,  in  the  southeastern  comer  of  section  10 
(6  S.,  5  W.)>  coal  Ilia,  six  inches  thick  outcrops  on.  several  of 
the  ridges  and  overlies  three  feet  of  undeivelay  and  10  to  15  feet 
of  drab  clay  shale,  both  of  good  working  quality. 

Along  the. east-west  road,  in  the  southwest  quarter  of  section 
1  (6  S.,  6  W.),  just  northeast  of  Chrisney,  there  is  a  fine  exposure 
of  drab  to  blue  clayey  shale,  12  to  14  feet  in  thickness.  The  same 
bed  outcrops  at  a  number  of  other  places  over  the  township  and 
could  be  buifned  into  a  variety  of  clay  products. 

At  the  Irvin  drift  slope^,  in  the  northwest  of  the  qouthwest  of 
4  (6  S.,  6  W.),  coal  m,  22  inches  thick,  overlies  five  or  more 
feet  of  a  soft  blue  gray  under-clay.    The  under-clay  below  coal 
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IV;  at  the  Fisher  and  other  xnineB  in  sections  16,  17  and  28|  con- 
tains too  much  sulphur  to  bum  into  clay  wares. 

Three  miles  northwest  of  Rockport,  on  the  land  of  .Geo.  Shrode, 
east  half  of  section  4  (7  S.,  6  W.),  is  a  thin  seam  of  coal  Hla, 
beneath  which  is  a  vein  of  much  better  under-clay,  more  than 
four  feet'  in  thickness.  It  is  fine  grained,  light  colored  and  sili- 
ceous, and  appears  in  every  way  suitable  for  potters^  use,  or  for  the 
making  of  hollow  vitrified  wares. 

The  Eigenmann  Contract  Company  for  a  number  of  years  had 
a  large  brick  yard  a  short  distance  north  of  Rockport,  on  which 
the  following  section  was  exposed : 

Section  on  Brickyard  of  Eigenmann  ConJtract  Co. 

1.  Soil  (stripped)  1  0 

2.  Yellow  loess  clay 7  0 

3.  Sand  (bottom  concealed)  20  0 

The  yellow  clay  is  the  characteristic  loess  clay  of  southwestern 
Indiana.  It  makes  an  excellent  stock  brick  and,  as  has  been 
proven  at  Huntingburg,  can  also  be  made  into  a  good  grade  of 
red  pressed  front  brick.  The  sand  (JSo,  3)  of  the  above  section  is 
a  good  molding  material,  and  large  quantities  of  it  are  annually 
shipped  for  that  purpose  to  various  towns  on  the  Southern  Rail- 
way. 

At  Mariah  Hill  building  brick  are  made  on  a  small  scale  from 
the  loess  clay,  the  latter  being  used  to  a  depth  of  six  to  eight  feet. 
At  St.  Meinrad,  12  feet  of  similar  material  are  used  without  strip- 
ping for  brick  and  drain  tile.  ITear  Rockport,  F.  M.  IJnderhill 
uses  an  alluvial  surface  clay  10  feet  thick,  after  stripping  six 
inches  of  soil  in  making  brick  and  drain  tile,  the  value  of  the 
output  in  1904  being  $7,618.  At  Lake,  the  Palmer  Drain  Tile 
Company  make  conmion  brick,  hollow  block,  drain  and  roofing  tile 
from  a  surface  clay  three  feet  in  thickness,  after  removing  six 
inches  of  soil.* 


• 


*For  fiirthor  infori^^tion  regardiBf  theM  fftoloriei  m«  table  noar  ond  of  pAp«r. 
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PBRRY  COUNTY. 


This  county  lies  on  the  southern  border  of  Indiana,  just  west 
of  and  adjoining  the  western  meridian  of  the  State.  It  lies  south 
of  Dubois  and  Crawford;  west  of  Crawford  and  east  of  Spencer 
counties.  On  the  south,  east  and  west  it  is  also  partly  bordered  by 
Kentucky,  from  which  it  is  separated  by  the  Ohio  Eiver.  It  has 
an  extreme  length  from  north  to  south  o£.  about  28  miles,  and 
width  from  east  to  west  of  about  25  miles,  with  an  area  of  383 
square  miles. 

The  rocks  of  three  geological  epochs  form  the  surface  of  the 
county,  viz.,  the  Coal  Measures  and  Mansfield  Sandstone  of  the 
Carboniferous  and  the  Huron  limestones  and  sandstones  of  the 
Lower  Carboniferous  periods.  The  rocks  of  the  Huron  group 
form  the  surface  of  the  greater  part  of  the  eastern  half  and  are 
exposed  in  the  valleys  of  the  streams  of  the  western  half  of  the 
county.  The  surface  of  the  western  half  is  about  equally  divided 
between  the  Coal  Measures  and  Mansfield  Sandstone  proper,  the 
former  forming  the  crests  of  the  higher  ridges  and  hills,  while 
the  latter  outcrops  along  the  slopes  and  forms  the  surface  of  the 
lower  hills.  As  a  rule  the  surface  of  this  county  is  very  broken, 
the  hills  rising  from  250  to  400  feet  above  the  main  valleys,  and 
often  showing  bluffs  of  sandstone  or  limestone.  Some  fiat  coun- 
try occurs  along  the  Ohio  and  the  larger  streams  in  the  form  of 
bottoms. 

Anderson  Creek  forms  the  greater  part  of  its  western  boun- 
dary and  drains  the  western  half  of  the  county,  its  main  tribu- 
taries being  Hurricane  Fork  from  the  north.  Middle  Fork  from  the 
southeast  and  Brushy  Fork  from  the 'east,  each  with  numerous 
branches.  In  the  southern  part  of  the  county  are  Windy,  Deer 
and  Little  creeks ;  then,  flowing  somewhat  easterly.  Poison,  Little 
Poison  and  Oil  creeks,  all  of  which  flow  into  the  Ohio.  Little 
Blue  River  just  touches  the  northeastern  comer. 

The  only  railway  in  the  county  is  the  Cannelton  Branch  of  the 
St.  Louis  Division  of  the  Southern  which,  entering  the  southwest 
comer,  passes  through  Tell  City  and  has  one  of  its  terminals  at 
Cannelton,  the  county  seat.  The  Ohio  River,  with  a  frontage  of 
nearly  50  miles,  offers  cheap  and  excellent  transportation  facili- 
ties for  the  southern  portion,  but  the  greater  part  of  the  northern 
two-thirds  is  distant  eight  to  20  miles  from  railway  or  river. 
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Coalfl  Ha,  II  and  I  occur  in  the  county,  coal  II  being  the  only 
workable  vein,  and  that  only  in  basins  of  small  area.  The  under- 
clays  bepeath  coals  Ila  and  II  are  of  excellent  quality  for  stone- 
ware and  hollow  vitrified  products,  and  have  been  extensively 
used  for  such  wares. 

Townships  6  and  7  South,  Ranges  2  and  8  West. 

This  area  of  about  90  square  miles  comprises  the  greater  parts 
-of  the  civil  townships  of  Troy  and  Tobin  in  the  southwestern 
portion  of  the  county,  and  embraces  the  territory  in  which  the 
most  available  and  valuable  of  the  commercial  clays  occur,  and  the 
only  part  of  the  county  which  will  be  treated  in  this  report.  The 
greater  portion  of  township  7  south,  2  west,  lies  in  what  is  known 
as  the  "pocket,"  a  big  bend  which  the  Ohio  makes  to  the'  south. 
The  surface  of  the  area  is  quite  rugged  and  hilly,  the  hills  rising 
from  250  to  320  feet  above  high  water.  Bold  cliffs  of  sandstone 
face  the  river  in  many  places.  In  some  of  the  valleys  adjoining 
the  Ohio  the  cliffs  have  broken  up  into  "rock  houses,"  adding 
much  to  their  picturesqueness.  Besides  the  cheap  and  convenient 
means  of  transportation  afforded  by  the  river,  the  Cannelton 
Branch  of  the  Southern  Railway  gives  railway  connection  with 
the  main  line.  The  Louisville,  Henderson  &  St.  Louis  Railway 
skirts  the  river  bank  on  the  Kentucky  side  of  the  river,  affording 
direct  communication  by  rail  with  Louisville. 

Perry  County  has  long  been  known  for  its  clay  industries.  The 
first  pottery  of  importance  in  the  State  of  Indiana  was  located, 
in  1834,  on  the  banks  of  the  Ohio,  a  short  distance  above  the 
town  of  Troy.  James  Clews,  a  wealthy  individual  of  Liverpool, 
England,  had  previously  visited  the  place  and  made  careful  in- 
vestigation of  the  clays  underlying  the  veins  of  coals  Ila  and  11. 
From  the  crude  tests  which  he  made  he  believed  them  to  be 
fitted  for  making  a  light  colored  grade  of  porcelain  ware.  Re- 
turning to  England  he  organized  a  colony  of  more  than  600 
persons,  many  of  whom  were  skilled  potters.  These  he  brought 
to  Troy,  and  burning  ordinary  brick  for  factories  and  dwellings, 
and  fire  brick  for  kilns,  soon  had  a  large  industry  in  operation. 
To  this  he  gave  the  name  of  the  "Indiana  Pottery  Company." 
Some  of  the  buildings  erected  were  two  stories  in  height  and 
more  than  200  feet  long. 
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Unfortunately  the  clays  of  Troy  proved  unfit  for  the  making 
of  white  ware ;  and  the  company  had  to  ship  in  lighter  clays  and 
mix  with  them^  and  content  itself  with  manufacturing  a  yellow 
or  Troy  ware  which,  in  time^  came  to  be  much  used  in  southern 
Indiana.  This  was,  however,  unsatisfactory  to  the  leading 'mem- 
bers, and  about  1840  the  pottery  was  abandoned  and  allowed  to 
go  to  ruin. 

In  1863  a  pottery  was  started  on  a  small  scale  in  one  of  the 
old  buildings  by  B.  Hincho.  Some  years  later  he  abandoned  this 
site  and  Erected  a  new  pottery  in  the  town  of  Troy,  where  he 
manufactured  from  the  unde^vclay  of  the  top  vein  of  coal,  a 
mahogany  colored  Eockingham  ware  until  1892,  when  old  age 
caused  him  to  desist.  As  a  practical  potter  of  long  experience, 
Mr.  Hincho  claimed  that  the  clay  found  beneath  coal  Ila  in  the 
vicinity  of  Troy,  and  used  by  the  Indiana  Pottery  Company  and 
himself,  can  not  be  excelled  for  the  making  of  terra  cotta,  ordi- 
nary stoneware,  or  the  darker  and  more  expensive  Eockingham 
ware;  but  by  itself  burns  too  dark  for  the  "yellow  ware"  such 
as  the  old  company  made.  In  1865,  Samuel  Wilson  started  a 
pottery  in  the  town  of  Troy,  which  he  operated  until  his  death  in 
1891.  He  made  both  yellow  and  Eockingham  ware,  the  former 
from  clay  shipped  in  from  Ohio  which  closely  resembled  the 
potters*  clay  found-  in  the  vicinity  of  Clay  City,  Indiana. 

Kear  the  site  of  the  factories  of  the  old  Indiana  Pottery  Com- 
pany, one-half  mile  southeast  of  Troy,  the  shaft  of  the  Bergen- 
roth  Bros.  Coal  mine  is  located.  One  hundred  yards  east  is  the 
clay  pit  of  the  old  company.  The  following  connected  section 
was  obtained  at  this  point,  beginning  on  the  slope  of  the  hillside, 
southwest  quarter  of  section  18  (6  S.,  4  W.),  a  few  yards  east 
of  the  section  line  which  runs  through  the  old  pit : 


Section  near  old  Clay  Pit,  east  of  Troy. 

Feet,  Jnehet. 

1.  Soil  and  yellow  surface  clay 17  0 

2.  Shaly  sandstone  10  0 

3.  Black  sheety  clay  shale 6  0 

4.  Ck)al  Ila :.... 0  6 

5.  Potters'  clay 6  4 

6.  Sandstone,  massive  33  0 

7.  CJoal  II 3  2 

8.  Underday   3+  0 
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According  to  Mr.  Hincho,  the  vein  of  'potters'  clay,  No.  5,  be- 
comes thicker  farther  back  under  the  hill,  and  at  the  point 
worked  by  him,  a  few  hundred  yards  east  of  Troy,  was  fully  12 
feet  in  thickness.  It  is  an  exceedingly  close  grained,  light 
colored  clay  and  stands  up  well  under  heat  sufficient  to  melt  the 
mixture  of  lead  oxide,  manganese  and  sand  used  in  glazing  the 
Bockingham  ware.  It  is  practically  the  same  clay  as  is  used  at 
Cannelton,  an  analysis  of  which  is  given  on  a  subsequent  page. 

Coal  II  is  the  vein  mined  by  the  Bergenroth  Bros.,  and  is  the 
same  seam  as  is  worked  at  Cannelton.  It  is  not  a  cannel  coel 
but  a  semi-i^aking  bituminous,  and  ranks  high  as  a  fuel.  It  is 
mostly  sold  to  steamboatmen  on  the  river,  and  is  used  by  the 
engines  on  the  Cannelton  Branch  of  the  Southern  Railway.  This 
road  runs  within  20  feet  of  the  shaft,  and  directly  past  the  out- 
crops of  clay  mentioned  above,  passing  over  some  of  the  founda- 
tions of  the  old  pottery,  which  are  buried  beneath  the  soil  washed 
down  from  the  adjacent  hillsides. 

At  the  Eeed  mine,  in  the  northeast  quarter  of  section  26  (6  S., 
3  W.),  the  under-clay  beneath  coal  II  is  six  feet  thick.  The 
same  bed  of  under-clay,  averaging  five  to  six  feet  in  thickness, 
outcrops  with  the  coal,  on  the  southeast  of  25 ;  on  the  southwest 
of  24;  on  the  northeast,  southeast  and  southwest  of  27;  in  the 
northwest  of  29 ;  the  southeast  of  19,  and  the  south  half  of  20 ; 
all  in  6  S.,  3  W.,  north  and  northeast  of  Troy. 

In  1862  Clark  Bros,  established  at  Cannelton,  the  present 
county  seat  of  Perry  County,  a  factory  for  the  manufacture  of 
sewer  pipe.  This,  for  miore  than  30  years,  was  the  only  establish- 
ment of  its  kind  in  the  State.  Ten  years  later  Wm.  Clark  erected 
by  the  side  of  the  sewer  pipe  factory  a  large  stoneware  pottery. 
Both  of  these  were  operated  until  1902,  when  the  stoneware 
factory  burned.  It  was  for  many  years  the  largest  concern  of 
its  kind  in  Indiana.  The  clay  us^  in  both  factories  was  the 
undeir-cliay  found  so  extensively  in  the  Adcinity  of  Cannelton  be- 
neath the  top  coal.  That  at  present  used  in  the  sewer  pipe  works 
is  hauled  in  wagons  from  a  point  three-quarters  of  a  mile  north 
of  the  center  of  the  town,  northeast  of  the  southeast  of  9  (7  S., 
3  W.),  where  the  vein  of  clay  beneath  coal  Ha  is  nine  feet  in 
thickness.  (See  PL  XVI.)  Just  below  the  under-clay  in  the 
pit  is  a  tough  blue  clayey  shale,  eight  or  more  feet  thick.    These 


CLAYS   OF   PBBBY   COUNTY.  885 

two  are  excavated  and  mixed  in  about  equal  proportions  for  use 
in  making  sewer  pipe.  The  contractor  pays  five  cents  per  ton 
royalty  for  the  clay,  apd  receives  86  cents  per  load  of  8,500 
pounds  delivered  at  the  sewer  pipe  factory.  Since  the  death  of 
the  former  owner,  A.  D.  Clark,  the  factory  is  run  only  on  a 
small  scale.    But  five  loads  of  the  clay  ere  used  each  day. 

The  clay  formerly  used  at  the  Clark  Bros.  Sewer  Pipe  and 
Stoneware  factories  was  obtained  from  beneath  coal  Ila,  on  the 
land  of  the  American  Cannel  Coal  Company,  about  a  mile  north- 
east of  Cannelton.  Where  it  was  obtained  the  coal  was  absent 
in  many  places  and  the  clay  was  secured  by  stripping  the  surface 
to  a  depth  of  one  to  six  feet.  The  upper  half  of  the  vein,  a 
light  gray  plastic  clay  of  very  fine  texture,  was  used  mostly  for 
stoneware.  Care  had  to  be  taken  in  selecting  it,  however,  as 
in  some  places  it  contained  particles  of  pyrites  which,  after  burn- 
ing, caused  a  flaking  of  small  pieces  from  the  surface  of  the 
ware,  and  so  rendered  it  unsalable.  The  lower  half  of  the  vein 
was  coarse  grained  and  had  more  of  a  reddish  yellow  tinge,  duo 
to  a  larger  percentage  of  iron  oxide.  It  was  found  to  be  better 
suited  to  the  making  of  sewer  pipe,  as  it  vitrified  at  a  lower 
temperature  than  the  upper,  and  burned  to  a  darker  color.  No 
trouble  with  the  "poppers,"  or  particles  of  iron  pyrites  was  ex- 
perienced  in  the  making  of.  sewer  pipe.  This  clay  resembles  shale 
somewhat  in  possessing  a  laminated  appearance,  but  that  it  is  a 
true  under-clay  of  good  refractory  grade  is  shown  by  the  follow- 
ing partial  analysis  made  by  Dr.  Hurty  of  a  sample  of  the  upper 
part  of  the  stratum. 

Partial  Analygia  of  Clay  formerly  ^ised  in  making  Stoneware  and  Sewer  Pipe, 

at  CannelUm» 

Snica  (SiO^ G5.830 

Alumina  (A1,0,) 22.940 

;    Clay  base  and  sand «...  88.770 

Magnesia  (MgO)  >. 858 

Lime  (CaO) 308 

Ferric  oxide  (Fe,0,) 2.640 

Fluxes  V 3.806 

Moisture  abd  volatile  7.434« 

^ M    . 

*This  probably  ipoladei  one  or  two  per  cent  of  potaih  and  soda.    Compare  the  leoond 
•alvan  of  thii  analysts  witb  the  standard  a  erage  of  Ohio  stoneware  olays  given  on  another 
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.  One-haK  mile  northeast  of  Cannelton  is  the  old  pottery,  of  the 
Oannelton  Stoneware  Co.,  now  operated  by  Clark,  Rose  &  Co.,* 
with  an  output  of  about  200,000  gallons  of  stoneware  per  year. 
The  clay  used  is  the  light  gray  potters'  clay  from  beneath  coal 
Ila,  and  is  secured  from  the  land  of  the  American  Cannel  Coal 
Co.,  about  two  miles  north  of  the  pottery.  It  costs  $1.00  per 
ton  delivered,  which  includes  five  cents  royalty  and  37J  cents 
for  hauling.  Coal  costing  six  cents  per  bushel  is  used  for  fuel. 
It  is  secured  from  the  American  Cannel  Coal  Co.,  and  hauled  on 
a  dunmiy  railway  which  passes  by  the  pottery. 

Mr.  O.  C.  Lee,  the  former  superintendent  of  the  Cannelton 
Stoneware  Co.,  at  one  time  made  a  number  of  private  tests  which 
go  to  prove  the  value  of  a  better  system  of  preparing  the  potters' 
clay  found  beneath  coal  Ila  in  the  vicinity  of  Troy  and  Cannel- 
ton. He  showed  me  samples  of  vases  and  jars  made  from  the 
washed  clay  which  were  superior  in  design  and  finish.  They 
were  unglazed,  and  when  burned  were  of  the  peculiar  stone-gray 
color  of  the  raw  material.  They  prove  this  clay,  when  properly 
prepared,  to  be  well  suited  for  the  finest  of  decorative  work. 
If  washed  before  being  burned  into  stoneware^  a  much  better 
quality  of  the  latter  could  be  made,  and  the  increased  price  which 
it  would  readily  bring  would  more  than  repay  the  extra  expense 
of  preparation. 

The  American  Cannel  Coal  Co.  owns  several  thousand  acres 
of  land  adjoining  Cannelton  on  the  north  and  east,  and  for 
years  has  carried  on  the  mining  of  coal  and  the  quarrying  of 
sandstone  on  an  extensive  scale.  The  main  vein  of  coal  II  has 
been  worked  at  a  number  of  places,  mostly  by  slope  or  drift 
shafts.  The  following  connected  section  obtaineid  one  and  a 
fourth  miles  east  of  Cannelton,  on  the  southeast  quarter  of  the 
northeast  quarter  of  section  10  (7  S.,  3  W.),  may  be  taken  .as 
representing  the  average  sequence  of  the  strata  through  the 
worked  seam  of  coal  over  a  large  area  of  the  company's  land : 

Section  east  of  OanneUon,  on  Land  of  American  Oannel  Coal  Ckh.  . 

Feet,         Inches, 

1.  Soil  and  yellow  clay 0  0 

2.  Gray  sandy  Bhale -. 14  0* 

3.  Sandstone  8  0 


'^See  also  ancler  "Clayworkinff  Industrial  of  Indiana." 
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4.  Blue  sandy  shale 11  0 

5.  Coal  Ila 1  3 

6;    Potters'  clay 6  0 

7.  Blue  clayey  shale 34  0 

8.  Black  bituminous  shale 1  ^         6 

9.  CJoalll 4^        0 

10.  Under-clay 5  0 

11.  Sandstone 20  0 

Large  quantities  of  shale  No.  7  and  under-clay  No.  10  have 
to  be  handled  each  year  to  make  height  in  the  rooms  and  entries 
of  the  mines.  Neither  of  these  have  heretofore  been  put  to  use^ 
though  excellent  samples  of  dry  pressed  front  brick  have  been 
made  from  them  for  the  company.  Shale  No.  7  is  a  close  grained 
material;  very  free  from  impurities.  Its  composition^  as  shown 
by  an  analysis  made  for  this  report  by  Dr.  Noyes,  shows  the 
presence  of  the  following  constituents : 

AncdysU  of  Clay  Shale  No.  7,  from  above  Coal  II,  on  the  Land  of  the  American 

Cannel  Coal  Co,,  near  CanneUon. 

Silica  (SiOJ 53.26 

Titanium  (TiO,) 1.06 

Alumina  (AI2O3) 26.77 

Water  combined 7.00 

Clay  base  and  sand ^ 87.08 

Ferric  oxide  (Fe,Os) ^. . , 3.32 

Ferrous  oxide  (FeO) ! 3.82 

Lime  (CaO) 32 

Magnesia  (MgO) 1.90 

Potash  (K,0)  2.54 

Soda  (Na,0)   44 

Fluxes  :  12.34 

Carbon  dioxide  (COJ 1.10 

Total    100.52 

This -analysis  proves  its  chemical  fitness  for  making  vitrified 
products  of  many  kinds ;  as  the  percentages  given  are  very  close 
to  those  of  the  average  shales  used  for  such  products.  A  prac- 
tical test,  of  its  utility  for  sewer  pipe  makinsr  is  given  above, 
where  it  is  shown  that  shale  from  the  same  stratum  is  being 
mixed  with  the  overlying  potters'  clay  and  used  at  the  Clark 
Sewer  Pipe  Factory  in  Oannelton. 

22— Qeolonr. 
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The  under-clay  (No.  10)  bums  to  a  hancUome  buff  color  and 
will  make  good  terra  cotta,  hollow  building  block,  conduits,  flue 
linings,  etc.,  or  it  can  be  mixed  with  the  overlying  shale  to  make 
paving  brick  or  sewer  pipe.  It  contains  too  great  a  percentage 
of  fluxing  impurities  to  make  refractory  wares,  as  the  following 
composition  from  analysis  made  by  Dr.  Noyes  will  show: 

Analysis  of  Under-clay  from  beneath  Coal  II,  from  the  Mine  of  the  Americ&n 

Cannel  Coal  Co.,  near  Cannelton, 

Silica  (SiO,) 57.57 

Titanium  oxide  (TiOa) 1.10 

Alumina  (AljO.) 21.70 

Water  combined  6.78 

Clay  base  and  sand 87.15 

Ferric  oxide  (FCaOJ 2.26 

Ferrous  oxide  (FeO) 4.11 

Lrlme  (CaO) 32" 

Magnesia  (MgO)  1.^2  ' 

Potash  (KaO)   2,10 

Soda  (Na,0)   33 

• 

Fluxes  10.30 

Carbon  dioxide  (COj). 1.73 

Total    , '. 99.18 

In  the  winter  and  spring  t>f  1903  the  American  Cannel  Coal 
Co.  shipped  30  or  more  carloads  of  the  potters'  day  from  be- 
neath coal  Ila  to  the  John  Bauer  pottery  at  Louisville  and  the 
Uhl  Pottery  at  Evansville.  They  paid  35  cents  per  ton  for 
mining  the  clay,  15  cents  for  hauling  it  to  the  cars,  and  received 
75  cents,  f .  o.  b.  at  Cannelton.  The  clay  was  secured  from  near 
.the  top  of  the  hill  north  of  Cannelton,'  southeast  quarter  of  sec- 
tion 0  (7  S.,  3  W.),  about  one-eighth  of  a  mile  east  of  the  pit, 
now  worked  for  the  Clark  Sewer  Pipe  Co.  It  was  mined  from 
a  slope  shaft  entering  the  hill  beneath  a  heavy  ledge  of  sand- 
stone, the  clay  being  about  five  feet  thick,  beneath  a  10  inch 
vein  of  coal.  The  Bauer  Company  was  well  satisfied  with  the 
clay,  but  Superintendent  Lee,  of  the  Uhl  Pottery,  states  that  it 
will  not  stand  up  under  the  temperature  necessary  to  take  a 
white  glaze,  and  as  all  his  stoneware  is  glazed  with  a  whitd'  bristol 
glaze  its  use  was  discontinued.    For  sewer  pipe  making,  Mr.  Lee 
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states  that  the  lower  undeivclay  at  Cannelton — ^that  found  be- 
neath coal  II — "can  not  be  surpassed  in  the  United  States." 

The  American  Oannel  Coal  Co.  had  a  number  of  practical  tests 
made  of  their  clay  and  shales  in  the  spring  of  1904,  by  the 
American  Clay  Working  Machinery  Co.,  of  Bucyrus,  Ohio.  The 
clays  sent  were  from  the  slope  mine  in  the  north  edge  of  Cannel- 
ton, and  from  the  old  Clark  clay  pit,  a  mile  and  a  half  northeast. 
The  samples  returned  were  in  part  as  follows :  (a)  Hollow  build- 
ing block  made  from  the  shale  No,  7,  which  were  a  handsome 
chestnut  brown  in  color,  strong  and  durable,  with  a  clear  metallic 
ring;  (b)  a  large  piece  of  special  shaped  coping,  made  from  under- 
clay  No.  10,  which  shows  its  fitness  for  such  material  and  for 
terra  cotta;  (c)  vitrified  drain  tile,  grayish  brown  in  hue  and  of 
high  grade;  (d)  buff  pressed  front  brick  from  under-clay  No.  10. 

The  Boyd  Press  Front  Brick  Co.,  of  Chicago,  also  made  a 
number  of,  buff,  brown  and  mottled  dry  pressed  front  brick  from 
the  under-clays,  which  were  very  fine  in  appearance  and  of  seem- 
ingly good  quality. 

The  yellow  loess  surface  clay  which  crowns  the  hills  about 
Cannelton  to  a  depth  of  six  to  eight  feet,  is  a  superior  article 
of  its  kind.  The  Cannelton  Stoneware  Co.  at  one  time  made 
from  it  ordinary  soft  mud  brick,  which  were  but  little  inferior 
in  appearance  to  some  of  the  pressed  front  brick  used  in  our 
cities.  Mr.  George  Hufnagle,  of  Cannelton,  has  had  sample 
dry  pressed  brick  made  from  it  which  were  very  handsome  in 
appearance.  From  deposits  of  shale  and  unde]>clay  on  his  farm, 
section  9  (7  S.,  3  W.),  he  has  had  other  samples  burned,  the 
shales  making  a  dark  maroon  brick  which  can  not  be  excelled 
in  quality,  and  the  under-clay  a  fair  grade  of  buff  front  brick. 

All  in  all,  the  clays  found  at  available  points  in  southern 
Perry  County  are  excellent  in  quality,  and  in  quantity  practi- 
cally inexhaustible.  From  them  ordinary  building  brick,  sewer 
pipoj  stoneware,  vitrified  drain  tile  and  Eockingham  ware,  all  of 
good  qiuility,  have  been  made  in  the  pa^t,  while  paving,  pressed 
front  and  hollow  brick  and  terra  cotta  can  undoubtedly  be  made. 
Fuel  of  excellent  quality,  awaiting  only  the  pick  of  the  miner, 
underlies  these  clays.  The  Ohio  River  furnishes  an  ever  ready 
means  of  transportation,  where  not  one  company,  but  many,  com- 
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pete  for  freight,  and  so  keep  the  rates  at  a  very  low  figure ;  while 
the  Southern  Railway  has  a  branch  line  passing  within  one-half 
mile  of  all  the  chief  clay  deposits.  With  these  facilities  preeent 
no  better  site  for  the  location  of  large  clay  factories  exist  in 
southern  Indiana.  The  one  thing  lacking  is  a  railway  running 
northeast  from  either  Cannelton  or  Tell  City  via  Bloomington, 
Monroe  County,  to  Indianapolis.  Such  a  road  would  pass 
through  the  main  Oolitic  limestone  district  of  the  State,  and 
would  open  up  a  vast  territoly  rich  in  many  kinds  of  undeveloped 
resources. 
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II.      GOUNTIBS   OF  THE   LoWER   CaRBONIFBROUS   ArBA.* 

As  already  noted^  the  Lower  Carboniferous  or  Mississippian 
Eeriod  is  represented  in  Indiana  by  the  rocks  of  six  Geological 
Epochs,  viz.,  the  Goniatite  limestone ;  the  Enobstone  shales  and 
sandstones;  the  Eitrrodsburgh,  Bedford  and  Mitchell  limestones, 
and  the  Huron  limiBstones  and  sandstones.  Of  these,  the  Gonia- 
tite Limestone  covers  so  small  an  area  that  it  will  not  be  treated 
in  this  connection.  The  clays  of  the  area  covered  by  the  rocks 
of  the  other  epochs  of  the  Lower  Carboniferous  Period  will  be 
treated  under  two  heads,  viz.,  (a)  Clays  of  the  counties  compris- 
ing the  Xnobstone  area,  (b)  Clays  of  the  counties  comprising 
the  Lower  Carboniferous  Limestone  area.  Since  the  Enobstone 
shales  will  in  time  rank  next  to  the  shales  and  under-clays  of  the 
Coal  Measures  in  clay  working  value,  they  will  be  first  consid- 
ered. 

(a)     Clays  of  the  Counties  Comprising  the  Knobstone  Area. 

I 

The  general  features  of  the  Ejiobstone  area  of  Indiana  have 
already  been  discussed  in  Section  II  of  this  paper,  and  more  fully 
in  a  paper  by  Prof.  J^  F.  Newsom  in  the  Twenty-sixth  Report  of 
this  Department.  Of  the  counties  in  which  the  Enobstone  shales 
outcrop^  listed  on  page  48  of  this  paper,  Owen,  Fountain  and 
Warren  have  been  considered  in  the  preceding  subsection,  since 
the  greater  portion  of  their  respective  areas  is  covered  by  rocks 
of  the  Carboniferous  Period.  Of  the  remaining  counties,  Har- 
rison, Clark,  Scott,  Lawrence,  Monroe,  Bartholomew,  Johnson, 
Putnam,  Marion,  Boone,  Clinton,  Tippecanoe,  White,  Benton 
and  Jasper  have  the  greater  part  of  their  respective  areas  cov- 
ered by  the  rocks  of  other  epochs.  The  remaining  counties,  viz., 
Montgomery,  Hendricks,  Morgan,  Brown,  Jackson,  Washington 
and  Floyd  are  the  ones  which  will  be  considered  under  the  pres- 
ent heading,  in  the  order  mentioned  from  north  to  south. 

MONTGOMERY  OOUNTY. 

This  county  lies  in  the  west-central  part  of  the  State,  about 
45  miles  northwest  of  Indianapolis.  It  is  bounded  on  the  north 
by  Tippecanoe,  on  the  east  by  Clinton,  Boone  and  Hendricks, 

*For  the  liit  of  oountiei  oompiiBing'thU  area  see  p.l47. 
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on  the  south  by  Putnam  and  Parke,  and  on  the  west  by  Parke 
and  Fountain  counties.  In  shape  it  is  quadrangular,  24  miles 
in  length  from  north  to  south,  and  21  miles  in  width;  its  area 
being  504  square  miles. 

Almost  the  entire  area  of  the  county  is  covered  with  a  heavy 
mantle  of  drift.  Beneath  this  the  Knobstone  rocks  form  the 
surface,  except  over  small  isolated  areas  along  Sugar  Creek, 
where  they  are  overlain  by  the  formation  known  as  the  Har- 
rodsburg  limestone.  The  latter  also  comes  to  the  surface  along 
the  southern  border  of  the  western  half,  while  the  Mansfield 
sandstone  occurs  over  about  eight  square  miles  along  the  western 
border  of  the  southwestern  fourth.  A  small  isolated  area  of 
Mitchell  limestone  also  outcrops  in  the  extreme  southwestern 
comer. 

The  northern  part  of  the  county  was  originally  a  region  of 
extensive  prairies,  surrounded  by  glades  and  groves  u:^:^.^  timber. 
The  western  and  especially  the  southwestern  portion,  near  the 
principal  streams,  is  hilly  and  broken,  while  the  eastern  and 
southeastern  portions  are  generally,  flat  and  level.  The  latter 
regions  were,  when  first  settled  by  the  Whites,  covered  with  a 
heavy  growth  of  fine  timber.  Near  the  i^enter  of  the  southern 
half  is  an  irregular  area  of  some  60  jsquare  miles,  New  Market 
being  near  its  center,  which  was  formerly  the  site  of  a  lake.  To 
this  area  Dr.  John  Collett  gave  the  name  "Ancient  Lake  Har- 
ney.'^ Its  surface  is  low  and  flat,  and  has  required  much  tiling 
to  fit  it  for  cultivation. 

The  main  drainage  stream  of  the  county  is  Sugar  Creek,  which 
flows  diagonally  across  its  area  from  northeast  to  southwest.  It 
has  a  number  of  tributaries  which,  with  their  branches,  are  fed 
by  springs  which  flow  out  of  the  great  masses  of  clay,  gravel 
and  other  drift  material  which  form  a  thick  bed  above  the  under- 
lying sedimentary  rock.  The  principal  ones  of  these  from  the 
north  are  Lye  and  Black  creeks,  while  from  the  south  and  e)EU9t, 
enter  Walnut,  Offield  and  Indian  creeks.  The  southeastern  por- 
tion is  drained  by  Big  Baccoon  and  the  southwestern  by  Little 
Eaccoon  creeks;  while  the  waters  of  the  northwestern  comer 
find  an  outlet  through  Coal  Creek  into  the  Wabash. 

The  railway  facilities  of  the  county  are  excellent.  ^  "jfhe  C,  I. 
&  L.  (Monon)  passes  through  it  from  north  to  south  near  the 
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oenter;  the  T.  H.  &  L.  Division  of  the  Yandalia  from  southwest 
to  northeast^  and  the  Peoria  Division  of  the  Big  Four  from  east  to 
west,  all  converging  at  Crawfordsville,  the  county  seat.  In  addi- 
tion to  this,  the  T.,  St.  L.  &  K.  C.  (Clover  Leaf)  crosses  a  por- 
tion of  the  northern  border,  and  the  Central  Indiana  the  southern 
border,  both  running  in  a  northeast-southwest  direction. 

The  Knobstone  rocks,  consisting  of  thinly  laminated  shales  and 
shaly  sandstones,  are  exposed  in  the  bluffs  of  Sugar  Creek  where 
it  enters  the  county,  and  at  numerous  places  along  that  stream 
and  its  tributaries  to  Yountsville  and  below ;  also  on  Big  Eaccoon 
Creek  near  Ladoga  in  the  southeastern  comer.  In  general  these 
exposures  are  too  highly  siliceous  for  clay,  working  purposes,  but 
north  and  northeast 'of  Crawfordsville,  they  partake  more  of  the 
character  of  clay  shales,  and  here  they  are  being  utilized  on  an 
extensive  scale. 

The  latf^est  factory  putting  them  to  use  is  that  of  the  Boston 
Baving  Brick  Company  which,  in  1901,  erected  a  modern  and 
well  eqi4pped  plant  for  the  making  of  stiff  mud  repressed  vitri- 
fied brick  at  Crawfordsville  Junction.*  Mr.  I.  G.  Boston,  the 
promoter  and  general  manager  of  the  plant,  was  for  eight  years 
in  charge  of  the  Wabash  Clay  Co.'s  vitrified  brick  plant  at  Vee- 
dersburg.  He  is  one  of  the  most  practical  and  experienced  pav- 
ing brick  manufacturers  in  the  country,  and  the  originator  and 
patentee  of  the  famous  'Toston  Baving  Block."  For  some  time 
he  experimented  with  these  Knobstone  shales  and  fully  con- 
vinced himself  of  the  practicability  of  their  utilization  for  pav- 
ing brick  purposes.  The  high  tests  which  his  Knob  shale  block 
have  since  undergone  have  fully  proven  the  fitness  of  the  ma- 
terial for  such  products,  and  his  factory  is  but  the  pioneer  of  a 
number  of  others  which,  in  the  near  future^  will  be  erected  at 
various  places  in  the  Knobstone  area  of  the  State. 

The  shale  used  at  the  Boston  Brick  Co.^s  plant  at  Crawfords- 
ville Junction  is  obtained  on  the  north  side  of  Walnut  Creek,  a 
mile  and  a  quarter  north  of  the  plant,  southwest  quarter  of  sec- 
tion 28  (19  N.,  4  W.),  where  the  company  owns  21  acres.  A 
switch  of  the  T.  H.  &  L.  Railway  has  been  built  from  the  main 

line  to  the  south  bank  of  the  creek  opposite  the  shale  bank,  and 
^Oi— 

*For  ft  fall  deieripiioB  of  thii  plant  and  itf  output,  lee  under  enbieqnent  leotion  en- 
tiUed  "A«  Clay  Indnitrioi  of  ImdUna." 
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the  shale  is  hauled  in  flat  cars  to  the  plant  at  a  cost  of  $2.00  per 
car.  A  contractor  receives  18  cents  per  ton  for  excavating  the 
shale  and  loading  it  into  the  railway  cars  on  the  south  side  of 
the  creek.  About  150  tons  are  used  each  day.  He  first  loads  it 
into  small  tram  cars  which  are  propelled  by  steam  power  across 
a  bridge  and  automatically  dimxped. 

The  shale  stratum  outcrops  20  to  50  feet  in  thickness  between 
the  worked  pit  and  the  mouth  of  Walnut  Creek,  three-quarters 
of  a  mile  to  the  northwest.  Many  springs  occur  along  the  base 
of  the  exposure.  In  May,  1904,  a  section  at  the  pit  showed  as 
follows : 

SecHon  of  Clay  Pit  of  Poston  Paving  Brick  Co. 

J^e«t.  laches. 

1.  Soil  and  clay  stripped 3  6 

2.  Buff  to  drab  partly  decomposed  sliale 4  0 

3.  Gray  sliale  in  thin  layers 26  0 

4.  Blue  gray  shale  in  thick  layers 10  0 

5.  Blue  shale  exposed  to  bottom  of  stream 12  0 

Nos.  2  to  4,  inclusive,  were  being  used.  The  laminae  or  layers 
of  No.  3  were  one  to  three  inches  in  thickness,  while  No.  4 
was  made*  up  of  four  or  five  layers,  two  or  three  of  which  were 
15  to  30  inches  in  thickness.  The  top  of  one  of  these  thick  layers 
formed  the  bottom  or  floor  of  the  pit,  which  was  very  smooth, . 
level  and  free  from  debris.  When  exposed  for  some  time  the 
thick  layers  split  up  into  thinner  ones  similar  to  those  found 
nearer  the  surface.  The  buff  color  of  the  upper  portion  is  due 
to  the  leaching  of  the  overlying  surface  deposits.  No  ironstone 
nodules  such  as  occur  abimdantly  in  the  Knobstone  farther  south 
were  visible. 

The  shale,  when  groimd,  is  not  as  plastic  as  the  majority  of, 
the  Carboniferous  shales  to  the  west  and  south.  It  requires  10 
horse  power  more  to  grind  and  work  than  the  Veedersburg  shale. 
Its  tenacity  is  not  as  great,  and  some  care  is  necessary  in  haur^ 
dling"the  unbumed  wares.  The  combined  water  is  readily  dpyen 
off  in  the  kiln,  and  the  finished  brick  are  not  glassy  but  some- 
what granular  and  very  hard  and  tough.  In  more  plastic  shales 
the  outer  portion  of  the  brick  sometimes  vitrifies  and  retains  the 
combined  water  of  the  central  portions  which,  being  changed  into 
steam,  causes  the  brick  to  bulge  in  the  center.    No  such  bulging 
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occurs  with  the  Knobstone  shale  when  properly  burned.  But 
little  shrinkage  takes  place  and  an  average  of  68  to  72  per  cent, 
of  "firsts"  are  secured  from  each  kiln.  They  are  3|x4x9  inches 
in  size  and  weigh  10  pounds.  The  plant  is  run  ten  hours  a  day 
for  11  months  of  the  year.  Thirty-thousand  block  are  made  each 
day,  the  value  of  the  output  in  1904  being  $80,000. 

On  the  west  side  of  the  Monon  Railway,  about  three-quarters 
of  a  mile  northwest  of  the  shale  pit  above  mentioned,  and  a  mile 
and  a  half  north  of  Crawfordsville,  the  Everson  &  Ferguson 
Brick  Oo.  began,  in  1901,  to  make  soft  mud,  sand  molded  brick 
from  the  Knobstone  shale.  The  compaijy  make  22,000  brick 
per  day  for  six  to  eight  months  of  the  year,  the  output  in  1904 
being  1,800,000.  These  bring  $5.50  to  $6.00  per  thousand,  f.  o. 
b.  cars  at  the  plant,  or  $7.00  delivered  in  the  city. 

The  ledge  of  shale  used  is  about  100  yards  north  of  the  plant, 
on  the  south  side  of  a  ravine  leading  down  into  Sugar  Creek. 
The  stripping  of  soil  and  surface  clay  averages  about  three  feet 
and  the  side  of  the  exposure  measures  24  feet,  all  buff  to  drab 
in  color.  The  upper  15  feet  of  buff  shale  is  in  thin  layers,  much 
broken  by  weathering.  About  48  tram  cars,  or  55  tons,  are  used 
each  day,  being  hauled  up  an  incline  by  steam  power  to  the  side 
of  the  crusher  and  dry  pan.  A  well  by  the  side  of  the  plant 
passed  through  three  feet  of  soil  and  surface  clay  and  60  feet  of 
Knob  shale  without  reaching  the  bottom  of  the  latter.  The  brick 
shrink  but  little,  are  of  good  quality,  being  bright  cherry  red  in 
color,  weigh  4J  pounds  each  and  are  homogeneous  in  texture. 
They  have  a  ready  sale  at  railway  points  within  30  miles  of  Craw- 
fordsville, as  well  as  in  that  city.'  They  cost  $4.10  to  $4.25  on 
board  the  cars  at  the  plant.  Island  City  coal,  costing  $2.35  per 
ton  at  the  plant,  is  used  as  fuel,  and  Connellsville  coke  for  water- 
smoking. 

On  the  east  side  of  the  Monon  Railway,  opposite  and  a  little 
below  the  above-mentioned  plant,  is  the  factory  of  the  Standard 
Brick  Co.,*  erected  in  1893  for  the  making  of  dry  pressed  front 
brick  from  the  Eiiobstone  shale.  On  account  of  dissensions 
among  the  former  owners,  the  plant  has  not  been  operated  stead- 
ily for  two  or  three  years.  When  running,  the  shale  was  secured 
from  the  low  bank  exposed  by  the  railway  cut  and  on  its  western 

*See  deiorlption  of  p]ant!under  *'Glay  IndustrieB  of  IndUna." 
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side,  and  was  hauled  in  dump  carts  across  the  railway.  Frcnn 
three  to  five  feet  of  soil  and  gravel  have  to  be  removed  to  reach 
the  shale. 

The  Knobstone  shale  outcrops  along  Walnut  Creek  for  two  or 
three  miles  above  the  pit  of  the  Poston  Paving  Brick  Co.,  and  in 
many  places  along  Sugar  Creek  to  the  eastern  edge  of  the  county. 
Just  above  the  mouth  of  Walnut  Creek,  in  the  southeast  quarter 
of  20  (19  N.,  4  W.),  is  a  thick  deposit  of  dark  shaly  clay  of  good 
quality  for  manufacturing!  A  little  prospecting  would  disclose 
a  number  of  places  near  the  railways  north  and  northeast  of 
Crawfordsville,  where  the  clay  substance  of  the  shales  is  high 
enough  to  justify  their  use  for  paving,  pressed-front  or  ordinary 
brick-making. 

At  the  Cascade  Bridge,  near  Tountsville,  in  the  southeast  quar- 
ter of  section  3  (18  N.,  5  W.),  the  blue  "soapstone  shale"  out- 
crops  28  feet  thick  below  42  feet  of  overlying  sandstone  and  lime- 
stone. At  Hemlock  Bluff,  a  half  mile  below  the  town,  the  out- 
crop of  blue  and  gray  Enobstone  shale  is  76  feet  thick,  with 
about  50  feet  of  cover. 

A  short  distance  east  of  Ladoga  is  the  first  rock  outcrop  along 
Raccoon  Creek,  between  that  place  and  the  old  milldam  near  New 
Eoss.  At  the  Monon  Railway  bridge  at  Ladoga,  southeast  quar- 
ter section  18  (17  N.,  3  W.),  the  following  section  is  exposed: 

Section  at  Monon  Bridge  at  Ladoga. 

Feel.         tncket. 

1.  Soil  and  drift 8  0 

2.  Gray  shaly  knob  sandstone 18  0 

3.  Blue  clayey  sandstone 4  0 

Just  below  the  wagon  bridge  the  shaly  Knob  sandstone  runs 
12  to  20  feet  in  thickness,  with  a  thin  layer  of  pebbly  conglom- 
erate exposed  near  the  bottom.  Similar  outcrops  of  the  shaly 
sandstone  occur  on  the  old  Graybill  farm,  in  the  northeast  quar- 
ter of  section  27  (17  N.,  4  W.),  about  five  miles  southwest  of 
the  town.  At  all  these  places  the  Knobstone  is  too  high  in  silica 
to  work  into  clay  products,  unless  mixed  with  a  more  plastic 
material. 

Below  the  "Shades  of  Death,^^  in  the  northwest  of  thfe  fi6rtheast 
of  section  10,  the  sub-conglomerate  coal  I  outcrops  in  several 
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quarteir-iiich  to  half-inch  seams  just  below  the  lowest  ledge  of 
Mansfield  sandstone.  Below  the  coal  is  eight  to  10  feet  of  under- 
clay  and  clay  shale,  which  could  be  burned  into  vitrified  wares. 
The  location  is,  however,  four  miles  distant  from  a  railway.  The 
same  vein  of  coal,  with  clay  and  shale  beneath,  outcrops  at  various 
points  in  the  southwestern  corner  of  the  county,  as  follows: 
Southeast  of  southeast  of  section  25,  southwest  of  southwest  of 
25,  northwest  of  northwest  of  36,  and  southeast  of  southwest  of 
35  (18  N.,  6  W.) ;  southwest  of  northeast  of  section  23  and  north- 
west of  southeast  of  23  (17  N.,  6  W.) 

From  the  drift  clays  of  the  country  ordinay  brick  and  drain 
tile  are  being  made  in  a  number  of  localities.  In  general  the  soil 
and  sod,  where  present,  to  a  depth  of  8  to  12  inches,  is  stripped 
and  three  to  five  feet  of  the  underlying  clay  then  used.  The 
largest  factories  are  located  at  New  Bichmond,  New  Market, 
New  Boss  and  Orawf drdsville,  the  value  of  the  annual  output  of 
each  ranging  from  $2,700  to  $10,000.* 

HENDRICKS  COUNTY. 

Hendricks  County  lies  just  west  of  the  center  of  the  State.  It 
is  bounded  on  the  north  by  Boone,  on  the  east  by  Marion  and 
Morgan,  on  the  south  by  Morgan  and  on  the  west  by  Putnam  and 
Montgomery.  In  outline  it  is  nearly  square,  being  19^  miles  in 
greatest  width  from  east  to  west  by  22  miles  in  greatest  length, 
and  comprises  an  area  of  408  square  miles.  Except  along  the 
streams,  the  entire  area  of  the  county  is  covered  by  a  heavy  man- 
tle of  drift,  beneath  which  the  Enobstone  shale  of  the  Lower  Car- 
boniferous and  the  Genesee  shale  of  the  Devonian  periods  form 
the  surface  rocks.  From  wells  and  bores,  the  latter  formation  is 
believed  to  be  confined  to  the  northeastern  fourth  of  the  county, 
but  its  exact  limits  are  unknown.  The  only  outcrops  are  those  of 
the  Elnobstone,  in  the  central  and  southwestern  portions. 

The  general  surface  of  Hendricks  County  is  considerably  higher 
than  that  jof  the  adjacent  counties,  and  is,  therefore,  well  pro- 
vided with  natural  drainage  and  has  a  porous  and  easily  cultivated 
soil.  ^^  ^  T  general  thing  the  surface  is  rolling,  though  consid- 
erable portions  of  it  are  quite  level.    It  produces  excellent  crops 

^See  itotlitioal  table  at  end  of  paper  for  more  detailed  report  ef  these  factories. 
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of  wheat,  com  and  blue  grass,  and  ranks  high  as  an  agricultural 
county.  Along  the  creeks  and  streams  there  is  some  broken  land, 
but  only  a  very  small  percentage  is  unfit  for  successful  cultiva- 
tion. 

The  northwestern  fourth  of  the  county  is  drained  by  Eel  Eiver 
or  Big  Walnut  Creek  and  its  various  branches.  This  stream  is 
the  principal  tributary  of  the  West  Fork  of  White  River,  and 
has  its  source  in  these  smaller  streams  of  northwestern  Hendricks 
and  southern  Boone  counties.  White  Lick  Creek  and  its  tribu- 
taries drain  the  eastern  half  of  the  county,  while  Mud  and  Mill 
creeks  drain  the  southwestern  portion.  The  lai^e  number  of 
water  courses  which  meander  through  the  county  in  nearly  all 
directions,  together  with  the  peculiar  adaptation  of  the  soil  to 
blue  grass  and  other  grasses,  which  here  grow  spontaneously,  give 
Hendricks  County  superior  advantages  for  the  raising  of  live 
stock,  especially  cattle. 

The  railway  facilities  of  the  county  are  good.  The  Peoria  Divi- 
sion of  the  Big  Four  runs  diagonally  across  the  northeastern 
fourth,  while  the  St.  l/ouis  Division  crosses  from  east  to  west 
near  the  center.  The  Springfield  Division  of  the  C,  H.  &  D. 
and  the  Vandalia  cross,  respectively,  the  northern  and  southern 
thirds  from  east  to  west.  No  portion  of  the  county  is,  therefore, 
distant  more  than  six  miles  from  a  railway.  In  addition  to  these, 
the  Indianapolis  &  Plainfield  electric  line  has  one  of  iti^  terminals 
at  the  latter  town,  while  the  Indianapolis  &  Danville  line  will 
soon  be  completed  to  Danvilla 

The  only  clay-working  materials  of  the  county  are  the  Knob- 
stone  shales,  where  they  occur  close  enough  to  the  surface,  and 
the  yellow  drift  clays,  where  they  are  free  enough  from  lime 
pebbles.  The  best  and  most  Available  shale  deposits  are  just 
south  and  southeast  of  Danville,  the  county  seat.  Since  they  are 
near  the  eastern  margin  of  the  Knobstone  area,  they  are  higher 
in  clay  substance  and  lower  in  silica  than  thod^  found  farther 
west. 

Along  a  branch  of  White  Lick  Creek,  on  the  land  of  R.  T. 
HoUowell,  one  mile  south  of  the  Big  Four  Railway  station  at 
Danville,  east  half  of  section  16  (15  N.,  1  W.),  the  Knob  shalfe 
outcrops  for  nearly  one-fourth  mile.  The  exposures  fare  10  to  15 
feet  thick,  with  bottom  hidden,  and  with  yellow  drift  clay,  3  to 
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10  feet  thick,  overlying.  The  shale,  where  weathered  at  the  base 
of  the  exposure,  forms  a  fine-grained,  dove-colored  clay,  quite 
tough  and  very  plastic.  It  is  seemingly  well  fitted  for  the  clay 
ingredient  of  Portland  cement,  and  can  be  burned  into  paving 
brick,  sewer  pipe  or  hollow  vitrified  products.  It  will  make  a 
high  grade  ordinary  brick  or  a  good  pressed  front  brick.  If  used 
for  the  last  two  products,  much  of  the  overlying  surface  could  be 
mixed  with  it. 

Two  fine  springs  issue  from  just  above  the  shale  on  the  Hol- 
lowell  property,  and  furnish  an  abundance  of  running  water. 
Connected  with  one  of  them  is  a  hydraulic  ram,  which  forces 
the  water  to  the  house  and  bam  on  the  premises.  An  analysis  of 
the  water  from  each  of  the  springs  has  been  made  by  Dr.  J.  N. 
Hurty,  and  the  composition  found  to  be  as  follows : 

Analyses  of  Spring  Water  from  the  Land  of  R.  T.  HoUowell,  south  of  DanviUe, 

Oraina  par  U,  S  Gallon. 
Bait  Spring.        West  Spring. 

Silica  (SdOJ .68  .30 

Iron  oxide  and  alumina  (ITesOs+ALOs) 18  .18 

Calcium  carbonate  (CaCO,) 16.41  16.89 

Calcium  sulphate  (CaSO^) .80 

Magnesium  carbonate  (MgCOJ 5.26  3.88 

Magnesium  sulphate  (MgSOJ 2.16  .25 

Total 34.69  22.30 

"These  waters  are  not  medicinal,  as  they  contain  only  ordinary 
ingredients  in  ordinary  proportions.  They  are^  however,  very 
pure ;  that  is,  they  are  free  from  organic  matter  and  germs.  They 
belong  tb  the  same  class  as  Waukesha,  Buffalo  Lithia,  Tuckaho 
lithia,  etc.  They  are  valuable  simply  as  very  pure,  soft  drinking 
waters.'^  J.  N.  Hubty. 

On  the  Joseph  H.  Johnston  farm,  just  south  of  Hollowells,  is 
another  branch  of  White  lick  Creek,  along  which  the  Knob 
shale  outcrops  in  bold  bluffs,  20  to  30  feet  thick,  with  little  cover 
above.  It  also  occurs  close  to  the  surface  along  the  same  branch, 
on  the  land  of  H.  A.  Secord,  south  half  of  the  southwest  quarts 
of  section  15  (15  K,  1  W.). 

Still  farther  southeast,  on  the  Arthur  Hadley  farm,  north  half 
of  the  northeast  quarter  of  22,  bluffs  of  the  shale,  25  to  40  feet 
thick,  occur  on  the  south  side  of  a  branch  of  White  lick  and  less 
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than  one-fourth  mile  from  the  main  stream.  The  shale  in  these 
bluffs  is  overlain  with  about  three  feet  of  surface  soil  and  clay, 
and  could  be  easily  and  cheaply  secured.  A  well  at  the  Hadley 
residence,  a  quarter  of  a  mile  northeast,  struck  the  top  of  the 
shale  stratum  10  feet  from  the  surface  and  went  186  feet  into  it 
without  finding  its  bottom  or  striking  water.  The  main  exposures 
of  the  shale  are  two  miles  north  of  the  Vandalia  Railway,  but  a 
spur  to  them  could  be  easily  constructed  up  the  valley  of  White 
Lick.  They  are  a  quarter  of  a  mile  west  of  the  Lieber  survey  of 
the  Danville  &  Plainfield  electric  railway  and  one  and  three- 
quarter  miles  from  the  Big  Four  at  Danville. 

Samples  from  near  the  foot  of  one  of  the  bluffs  were  analyzed 
by  Dr.  Noyes  and  the  composition  found  to  be  as  follows : 

Analysis  of  Knobstone  Shale  from  Land  of  ArOwr  Hadley, 

Silica  (SiO.) 70.84 

Titanium  oxide  (TIO,) 18 

Alumina  (AUO,) 14.73 

Water  combined  (HaO) 3.32 

Clay  base  and  sand 89.07 

Ferrous  oxide  (PeO) 4.82 

Lime  (CaO) 38 

Magnesia  (MgO)  1.36 

Potash  (K,0)  3.16 

Soda  (Na,0) 1.42 

Fluxes  11.13 

Carbon  dioxide  (CO^) .21 

Total 100.41 

The  analysis  proves  the  chemical  fitness  of  the  shale  for  paving 
brick  and  other  vitrified  products.  It  is  rather  high  in  silica  to 
serve  as  the  clay  ingredient  of  Portland  cement.  A  quantity  of 
the  shale  was  sent  to  Chicago  and  burned  into  sample  dry  pressed 
front  brick  by  the  Chisholm,  Boyd  &  White  Co.  A  sample  brick, 
dark  cherry  red  in  color,  was  shown  me,  which  appeared  to  be  a 
high-grade  brick  in  every  particular,  and  fully  bore  out  the  fol- 
lowing extract  from  a  letter  from  the  C,  B.  &  W.  Co.  to  Mr. 
Hadley : 

"Your  material  is  of  a  superior  quality  and  especially  adapted 
to  the  nianiifacturo  of  liigh-class  front  facing  brick.    The  color  is 
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all  that  could  be  desired.  While  the  brick  were  burned  very  hard 
in  a  down-draft  kiln,  usin^  coal  as  fuel,  in  fact,  are  almost  vitri- 
fied, they  have  still  retained  their  shape.  They  have  a  good,  clear, 
metallic  ring,  are  very  solid,  and  are  equal  in  every  respect  to 
the  famous  Bradford  (Pa.)  brick." 

Outcrops  of  the  Knobstone  shale  also  occur  on  the  land  of 
William  Quinn  along  White  Lick  Creek,  near  Cartersburg 
Springs,  and  on  Mud  Creek,  near  Clayton. 

The  surface  drift  clays  of  Hendricks  County  are  used  iii  a 
number  of  places  for  making  ordinary  brick  and  drain  tile.*  At 
the  James  Beck  yard,  just  south  of  the  Big  Four  Eailway  station 
at  Danville,  the  drift  clay  partakes  of  the  character  of  a  sandy 
loam.  It  is  brownish  yellow  in  color  and  free  from  lime  pebbles. 
A  well  at  the  yard  showed : 

.    Section  of  Well  at  Beck  Brickyard^  Danmlle,  Tnd. 

I  ,^  Feet.         Tnchee, 

1.  Soil 1  0 

2.  Brownish  yellow  drift  clay 7  6 

3.  Gravel 2  0 

4.  Drab  Knobstone  shale 4+  0 

In  a  ravine  just  south  of  the  brickyard,  about  a  quarter  of  a 
mile  from  the  railway  station,  the  Knob  shale  is  said  to  come 
within  two  feet  of  the  surface.  The  brick  made  from  the  drift 
clay  are  of  good  quality  and  bring  $7.50  per  thousand,  delivered 
in  Danville.  Sample  pressed-front  brick  were  burned  from  this 
play  for  Mr.  Beck  by  the  C,  B.  &  W.  Co.,  of  Chicago,  which 
wer^  of  fair  quality,  but  inferior  to  those  made  of  the  Knpb 
shale. 

Three  miles  northwest  of  Ilazelwood  brick  and  tile  are  made 
from  a  "tender  swamp  clay,  about  four  feet  thick,"  after  strip- 
ping six  inches  to  one  foot  of  soil.  At  Brownsburg  a  surface 
clay  three  feet  thick  is  made  into  drain  tile,  the  output  in  1904 
being  10,000  rods.  At  Coatsville  are  two  yards,  in  which  from 
24  to  30  inches  of  yellow  and  gray  clay,  with  15  inches  of  strip- 
ping above,  are  used  in  making  brick  and  drain  tile.f  Near  North 
Salem  soft  mud  brick  are  made  from  two  feet  of  surface  clay,  no 
stripping  being  necessary. 

*8ee  •tati8tieal  table  at  end  of  paper. 

t  For  additional  information  regardinv  theae  factories  see  statistical  table  near  end  o' 
paper. 
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MORGAN  COUNTY. 

Morgan  County  lies  just  southwest  of  Marion  County,  near  the 
center  of  the  State,  and  comprises  415  square  miles.  It  is 
bounded  on  the  north  by  Hendricks  and  Marion,  on  the  east  by 
Johnson,  on  the  south  by  Brown  and  Monroe  and  on  the  west  by 
Owen  and  Putnam  counties.  Its  maximum  length  from  east  to 
west  is  24  miles  and  its  greatest  width  from  north  to  south  20 
miles. 

The  surface  rocks  of  the  county  belong  mainly  to  the  Knob- 
stone  Epoch  of  the  Lower  Carboniferous.  The  Harrodsburg, 
Bedford  Oolitic  and  Mitchell  limestones  outcrop  over  small  areas 
along  the  western  margin,  while  the  Genesee  shale  of  the  Devo- 
nian occurs  beneath  the  drift  in  the  northeastern  comer. 

In  its  general  surface  Morgan  County  is  more  diversified  than 
the  average  county  of  the  State.  A  belt  of  country  some  six 
miles  wide  along  the  north  border  is  quite  level,  or,  at  most,  not 
so  broken  as  to  materially  interfere  with  cultivation.  This  belt 
is  deeply  covered  with  drift  material,  and  its  western  portion 
comprises  large  tracts  of  black  muck  swamp  lands,  that  were,  50 
years  ago,  covered  with  water  the  greater  part  of  the  year. 
Ditching  and  tiling  have,  however,  converted  these  swamps  into 
the  best  of  com  producing  lands.  Directly  south  of  this  belt,  and 
embracing  the  greater  part  of  the  remainder  of  the  county  north 
of  White  River,  lies  a  region  of  knobs,  but  little  of  which  is- level 
enough  for  profitable  cultivation.  The  hills  in  some  places  rise 
300  feet  above  the  level  of  the  river  and  are  frequently  so  steep 
as  to  make  the  ascent  difficult,  even  on  foot.  The  surface  soil 
of  these  knobs  is  generally  clay,  derived  in  part  from  the  weath- 
ering of  the  underlying  knob  shales,  with  but  a  thin  cover  of  vege- 
table loam  above  the  clay.  The  southwestern  portion  of  the 
county  consists  mainly  of  an  elevated  plain  of  clay  lands,  in  places 
broken  by  numerous  sink  holes,  due  to  the  eroding  of  caverns  by 
underground  streams  in  the  underlying  Lower  Carboniferous 
limestones.  Some  of  these  sink  holes  are  30  feet  in  depth  and 
embrace  half  an  acre  of  surface.  The  hills  bordering  the  stream 
are,  in  this  portion  of  the  county,  in  many  places  abrupt  bluffs 
of  limestone. 

In  the  southeastern  portion  of  the  county  the  surface  is  ele- 
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vated  and  rugged,  but  not  so  much  so  as  to  preclude  its  cultiva- 
tion. The  soil  in  thi^  region  close  to  the  river  is  in  general  a 
sandy  loam,  while  farther  back  it  is  a  clay  loam,  resting  on  a 
rather  hard  clay  subsoil,  derived  from  the  partial  decay  of  the 
underlying  shales.  Along  White  River  are  in  many  places  wide 
areas  of  bottom  lands,  which  comprise  the  richest  and  most  easily 
cultivated  soils  of  the  county.  These  bottoms  range  from  one 
to  three  miles  in  width,  and  at  least  half  their  area  is  above  the 
reach  of  annual  freshets. 

The  West  Fork  of  White  River  flows  diagonally  through  Mor- 
gan County  from  northeast  to  southwest,  and,  with  its  tributa- 
ries, drains  the  entire  area  except  the  northwestern  comer,  from 
which  three  small  streams  pass  westwardly  into  Eel  River.  The 
principal  tributaries  of  White  River  from  the  north  are  White 
Lick,  Sycamore  Creek  and  its  tributary.  Gold  Creek;  Highland, 
Lambs,  Burkhart's,  Fall  and  Butler^s  creeks,  while  from  the  south 
and  southeast  enter  Bluff,  Crooked,  Stotts,  Clear,  Indian,  Little 
Indian  and  Bryant's  cre,eks.  Each  of  these  streams  has  a  number 
of  smaller  branches  nmning  into  it,  which  are  fed  by  springs. 
Most  of  them  are  dry  in  part  of  their  courses  during  a  portion  of 
each  smnmer. 

The  transportation  facilities  of  the  county  are  as  yet  some- 
what meagre.  The  I..  &  V.  Railway  crosses  it  from  northeast  to 
southwest,  the  greater  part  of  the  way  in  the  immediate  valley 
of  WWte  River.  The  Fairland  &  Martinsville  branch  of  the  Big 
Fonr  runs  southeast  from  Martinsville  and  leaves  the  county  just 
east  of  Morgantown,  in  the  southeastern  comer.  The  Indianap- 
olis Southern  Division  of  the  Illinois  Central — at  the  present 
writing  in  course  of  construction — ^will  also  cut  across  a  small 
area  of  the  southeastern  comer.  In  addition  to  these,  the  Indian- 
apolis &  Martinsville  Rapid  Transit  Co.  operates  an  electric  line 
between  the  points  named  in  the  title,  which  will  probably  soon 
be  extended  from  Martinsville  to  Bloomington. 

The  surface  drift  clays  and  Knobstone  shales  comprise  the  only 
clay-working  materials  of  Morgan  County.  The  shales  lie  at  the 
base  of  the  Knobstone  formation,  and  the  best  deposits  will, 
therefore,  be  found  in  the  eastern  half  of  the  county.  Where 
workable,  they  consist  of  a  thinly  laminated  but  not  distinctly 
stratified  clay  shale.    This,  when  moist,  has  a  pale  blue  color,  but 
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when  dry  is  of  an  ashen  or  dove-gray  hue.  When  weathered  it 
crumbles  into  a  mass  of  plastic  clay,  which,  if  not  too  high  in 
silica,  makes  a  good  burning  material  for  all  kinds  of  bricks. 

The  most  available  deposits  of  these  Knob  shales  occur  in  the 
immediate  vicinity  of  Martinsville  and  Brooklyn.  On  a  spur  of 
the  I.  &  V.  Railway,  in  the  northern  part  of  the  former  place,  the 
Adams  Brick  Co.,  of  Indianapolis,  has  one  of  the  largest  soft  mud 
brick  plants  in  the  State.  The  company  owns  67  acres,  the  main 
portion  of  which  is  comprised  in  a  sloping  hillside  just  east  of  the 
plant.  From  this  hill  surface  clay  and  Knob  shale  are  secured 
and  mixed,  in  the  proportions  of  one  part  clay  to  two  parts  shale, 
to  make  the  brick.  The  surface  clay  is  a  fine-grained,  homoge- 
neous, brownish-yellow  material,  which  resembles  closely  the 
noted  yellow  loess  clays  of  Southwestern  Indiana.  Mr.  Davis,  the 
foreman  of  the  plant,  states  that  it  is  much  better  for  brick- 
making  than  the  Sheridan  (Hamilton  County)  drift  clays,  the  lat- 
ter being  "short"  and  cracking  in  drying.  On  the  hill  it  lies  three 
and  a  half  to  five  feet  thick  over  the  shale.  The  top  of  the  latter 
is  40  to  60  feet  above  the  level  of  the  plant.  Both  clay  and  shale 
are  loaded  into  tram  cars,  which  run  by  gravity,  and  are  dumped 
automatically,  a  loaded  car,  while  running  down  to  the  plant, 
pulling  up  an  empty.  About  64  cubic  feet  of  the  mixture  are 
used  in  the  making  of  each  thousand  brick. 

The  output  of  the  plant  is  40,000  daily,  or  12,250,000  in  1904. 
These  were  sold  as  fast  as  burned  at  $6.50  per  thousand,  f.  o.  b. 
the  cars  at  the  plant,  or  $7.00  to  $8.00  delivered  at  Indianapolis, 
where  most  of  them  were  shipped.  South  Linton  coal,  costing 
$2.00  per  ton  for  mine  run  and  $1.50  for  slack,  is  mixed  and  used 
as  fuel.  The  molding  sand  is  secured  from  the  Bradford  deposits, 
near  Centerton,  four  miles  north.  All  the  hands  work  by  the 
piece  or  thousand  brick.  With  the  facilities  at  command,  the 
brick  cost  about  $3.00  per  thousand  on  board  the  cars  at  the 
plant.  There  is  no  waste  in  the  Knob  shale,  everything  being 
ground  in  the  dry  pan.  The  bats  are  also  reground,  so  that  the 
yard  is  free  from  debris.  But  few  bricks  are  ever  seen  on  the 
yard,  as  they  are  loaded  directly  from  the  kiln  into  the  cars. 
The  quality  of  the  output  is  above  the  average  for  ordinary  build- 
ing purposes. 


Plant  ot  Adama  Brick  Co.,  Martinsville,  Morgan  Coanty. 
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On  the  land  of  Branch  &  Son,  one-half  mile  northwest  of 
Martinsville,  on  the  west  side  of  White  River,  northwest  quarter 
of  section  32  (12  N.,  1  E.),  the  Knob  shale  is  exposed  in  bold 
bluffs,  70  feet  in  height.  Over  the  shale  on  the  top  of  the  bluff 
there  is  but  a  foot  of  thin  soil  and  yellow  clay,  but  on  the  north- 
west slope  of  the  hill  the  yellow  clay  thickens  up  to  three  or  four 
feet  and  is  an  excellent  material  for  ordinary  brick  or  to  mix  with 
ground  shale  to  insure  greater  tenacity  for  certain  wares.  To 
reach  the  base  of  the  shale  bluffs,  a  spur  of  the  L  &  V.,  but  little 
over  half  a  mile  in  length,  would  have  to  be  built  from  near  the 
west  end  of  the  railway  bridge  across  the  river. 

An  analysis  of  the  shale  from  this  point  was  made  by  Dr. 
Noyes,  and  its  composition  found  to  be : 

Analysis  of  Knobstone  Shale  from  Land  of  Branch  &  Son,  Martuimulle, 

Silica  (SiO,) 70.00 

Titanium  oxide  (TiO,) 43 

Alumina  (A1,0|0 13.89 

Water  combined 3.19 

Clay  base  and  sand 88.11 

Ferric  oxide  (FejOJ 2.33 

Ferrous  oxide  (FeO) 3.56 

Calcium  oxide  (CaO) 60 

Magnesium  oxide  (MgO) 60 

Potassium  oxide  (KjO) 2.76 

Sodium  oxide  (Na-O) 1.60 

Fluxes  ,.  11.35 

Carbon  dioxide  (COJ .51 

Total 99.97 

The  analysis  shows  that  the  shale  will  vitrify  under  the  proper 
burning,  and  there  is  no  doubt  but  that  it  will  make  high-grade 
vitrified  brick  for  street  paving.  It  is  very  similar  in  character 
to  the  Knob  shale  now  used  for  that  purpose  at  the  Poston  Pav- 
ing Brick  factory,  at  Crawfordsville.  Sample  dry  pressed  front 
brick  of  fine  appearance  have  been  made  from  this  shale  for 
Branch  &  Son.  They  were  a  uniform  dark  red  in  color,  hard, 
dense  and  fine-grained,  with  sharp  edges  and  comers. 

Farther  southwest,  on  the  land  of  Richard  Moore,  the  bluffs  of 
shale  are  almost  as  high.    In  the  bottom  of  a  ravine  back  of  the 
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Moore  residence  the  shale  is  weathered  into  a  very  tenacious, 
fine-grained  blue  clay,  several  feet  in  thickness.  This  is  overlain 
with  two  or  three  feet  of  the  characteristic  yellow  clay  of  the 
region. 

On  the  land  of  Alex.  Hedrick,  near  Hynsdale  switch,  one  mile 
farther  southwest,  northeast  quarter  of  section  2  (11  N.,  1  W.), 
the  bluffs  of  shale  are  within  120  yards  of  the  railway,  but  are 
here  more  heavily  covered  with  drift  clay. 

Northeast  of  the  Branch  bluffs,  one-half  mile  above  the  White 
River  bridge,  a  cut  400  feet  long  and  16  feet  deep  has  been  made 
for  a  roadway  through  the  Knob  shale.  The  face  of  the  cut  has 
everywhere  weathered  into  small  quadrangular  particles,  indica- 
tive of  a  clay  shale  which  is  not  too  rich  in  silica  for  manufactur- 
ing purposes.  This  cut  is  on  the  land  of  Mrs.  Ed.  Smith,  but  is 
more  inconvenient  to  a  railway  than  the  deposits  below  the  bridge. 

The  Knob  shale  is  also  exposed  along  the  east  side  of  the  I.  & 
V.  Railway  at  a  number  of  places  just  below  Bethany  Park.  The 
outcrops  run  12  to  15  feet  above  the  grade,  with  little  cover  over- 
lying. 

The  surface  clays  of  Morgan  County  are  being  used  for  brick- 
making  only  at  Martinsville  by  the  Adams  Brick  Co.  and  John 
B.  Clark,  and  at  Mooresville  by  the  Bradley  Brick  Co.  The 
Adams  Brick  Co.'s  yard  has  been  mentioned  above.  That  of 
Clark,  just  to  the  south,  is  a  small  hand  yard,  with  an  output  of 
about  a  half  million  per  year.  The  clay  used  is  the  yellow  sandy 
loam,  six  to  eight  feet  thick,  which  occurs  on  the  slopes  of  the 
hill  to  the  east. 

At  the  Mooresville  yard  the  brick  are  made  from  a  bluish- 
gray  drift  clay,  about  three  feet  in  thickness,  with  little  or  no 
stripping.  An  analysis  of  an  average  sample  of  this  clay,  Lyons, 
chemist,  shows  its  constituents  to  be  as  follows : 

Analysis  of  Drift  Clay  used  for  Ordinary  Brick  Making  at  Mooresville, 

Silica  (SiO,)    73.97 

Titanium  oxide  (TiOs) 91 

Alumina  (Al,Oa) 12.33 

Water  combined  3.ld 

Clay  l)ase  and  sand 90.37 
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Ferric  oxide  (Fe,0^ 3.87 

Calcium  oxide  (CaO) 76 

Magnesium  oxide  (MgO) 78 

Sodium  oxide  (Na,0) 4.23 

Potassium  oxide  (K|0) trace 

Fluxes  9.64 

Total 100.01 

The  plant  at  Mooresville  is  new,  having  been  erected  in  1904, 
in  time  to  be  operated  only  about  four  months.  The  clay  seems 
well  fitted  for  ordinary  brick-making. 

By  the  side  of  the  Big  Four  Railway,  on  the  land  of  Mrs. 
Abrilla  Merriman,  about  three  miles  south  of  Martinsville,  south- 
west quarter  of  section  14  (11  N.,  1  E.),  occurs  a  deposit  of  a 
very  fine-grained  bufE  to  drab  marly  clay,  10  to  18  feet  in  known 
thickness,  with  two  to  three  feet  of  surface  soil  and  clay  above. 
The  upper  part  of  the  deposit,  which  is  in  a  hill  or  knoll  of 
about  ten  acres,  is  buff,  the  middle  portion  drab  and  the  lower 
portion  a  slate  blue  in  color.  The  clay  resembles  a  marl  loess, 
and  is  free  from  lime  pebbles  and  other  impurities.  Its  chemical 
composition,  as  determined  by  Dr.  Lyons,  is  as  follows : 

■ 

Analysis  of  Clay  from  Land  of  Mrs,  Abrilla  Merriman. 

Silica  (SiO^   49.61 

Titanium  oxide  (TiO,) 87 

Alumina  (Al,Oa) 14.73 

Water  combined 3.50 

Clay  base  and  sand 68.70 

Ferric  oxide  (FejOJ 4.65 

Lime  (CaO) 9.48 

Magnesia  (MgO)  3.76 

Potash  (K,0)  68 

Soda  (Na,0)  2.41 

Fluxes  20.98 

Carbon  dioxide  (CoJ 10.72 

Total    100.40 


• 


The  analysis  shows  the  clay  to  be  very  high  in  fluxes.  It  will 
probably  burn  a  buff  color,  and  can  be  made  into  drain  tile  and 
ordinary  brick,  but  would  fuse  before  the  point  of  vitrification  is 
reached.    It  could  be  used  for  terra  cotta  lumber,  such  as  is  made 


/■ 
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at  Hobart  and  Brooke,  Ind.,*  from  a  mixture  of  four-fifths  clay 
and  one-fifth  sawdust.  There  is  a  constantly  growing  demand  for 
this  kind  of  fireproofing,  and  a  plant  located  in  central  Indiana 
would  have  good  market  facilities.  A  plentiful  supply  of  water 
is  present  within  150  yards  of  the  hill  or  knoll  in  which  the  clay 
occurs. 

A  clay  of  similar  composition,  but  dark  gray  in  color  occurs 
over  an  area  of  15  or  more  acres  on  the  land  of  J.  C.  Wilson, 
two  miles  south  of  Paragon,  southeast  quarter  of  section  30  (11 
N.,  1  W.).  It  is  covered  with  surface  clay  two  to  four  feet 
thick,  and  a  bore  12  feet  deep  has  been  sunk  into  it  \vithout  find- 
ing its  bottom. 

BROWN  COUNTY. 

The  northern  boundary  of  this  county  is  about  30  miles  nearly 
due  south  of  Indianapolis.  The  county  is  bounded  on  the  east  by 
Bartholomew,  on  the  south  by  Jackson  and  Monroe,  on  the  west 
by  Monroe  and  on  the  north  by  Morgan  and  Johnson  counties. 
It  is  quadrangular  in  shape,  20  miles  long  from  north  to  south, 
16  miles  in  width  from  east  to  west,  and  contains  an  area  of  320 
square  miles.  With  the  exception  of  fragments  of  the  reddish 
crinoidal  Harrodsburg  limestone  on  a  few  of  the  higher  ridges, 
the  surface  rocks  of  the  county  are  wholly  the  soft  sandstones 
and  shales  of  the  Knobstone  Epoch  of  the  Lower  Carboniferous 
Period.  For  that  reason  they  have  been  easily  eroded,  and  the 
county  is  very  broken,  except  in  the  southeastern  comer,  where 
there  is  a  large  area  of  level  tableland.  The  "Knobs"  of  South- 
ern Indiana,  stretching  northward  from  Floyd  County,  attain,  in 
"Weed  Patch  Hill,"  south  of  Nashville,  the  county  seat,  their 
highest  elevation — 1,147  feet  above  sea  level. 

Salt  Creek,  the  principal  stream  of  Brown  County,  is  com- 
posed of  three  main  branches — the  "North,"  the  "Middle"  and 
the  "South"  forks — which  unite  near  the  southwest  corner  of  the 
county  and  flow  thence  through  Monroe  and  Lawren(*e  into  East 
White  Kiver.  Thus  almost  the  whole  watershed  of  the  county, 
together  with  a  considerable  portion  of  Jackson,  on  the  south,  is 
drained  by  this  stream.  Bcvm  Blossom  Creek  has  its  source  in  the 
northeastern  part,  its  ])rineipal  tributaries  in  northwestern  Brown 


*'See  under  *'Clay8of  Lake  and  Kewton  countioi. 
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being  Bear  and  lick  creeks,  both  flowing  nearly  south.  Just 
across  the  northern  boundary,  in  Morgan  County,  and  in  a  valley 
nearly  parallel  with  the  county  line,  is  Indian  Creek,  flowing  in 
a  general  westerly  direction. 

High  ridges  surround  the  county  on  all  sides,  while  from  east 
to  west  and  southwest  three  similar  ridges  traverse  the  county,  all 
connecting  6n  the  divide  near  Trafalgar,  in  Johnson  County. 
The  first  and  the  most  northern  constitutes  the  southern  bluff  of 
Indian  Creek,  and  is  called  "Indian  Creek  Kidge;"  the  second, 
south  of  Bean  Blossom,  is  known  as  "Bean  Blossom  Kidge,"  and 
the  third,  passing  nearly  through  the  middle  of  the  county,  is 
named  "Central  Ridge. '^  All  these  ridges  slope  gently  to  the 
south  and  west,  but  present  steep  faces  to  the  north  and  east. 
The  valleys  of  the  county,  now  containing'  its  richest  soil,  have 
been  eroded  by  flowing  streams,  leaving  the  strata  of  the  hills  as 
they  were  originally  deposited  by  sedimentation  in  an  ocean 
which  covered  this  region  ages  before  the  dawn  of  the  "Glacial 
Period." 

Only  the  northern  third  of  Brown  Coimty  is  within  the  gla- 
ciated or  drift  area.  The  northwestern  part  of  Hamblin  Town- 
ship and  the  gi'eater  portion  of  Jackson  Township  are  covered 
with  drift  accumulations  as  far  south  as  Bean  Blossom  Ridge,  the 
drift  being  found  on  the  slope  of  this  ridge  nearly  200  feet  above 
the  water  in  the  stream.  Boulders  of  granite,  gneiss  and  jasper, 
three  to  five  feet  in  diameter,  occur  frequently  in  this  region.  In 
the  Salt  Creek  Valley,  northeast  of  Nashville,  but  little  drift 
was  seen.  Bean  Blossom  Ridge,  then,  marks  the  southern  limit 
of  the  first  and  only  glacial  invasion  of  the  county. 

CoUett,  in  his  "Report  on  Brown  County,"*  says:  "Against 
and  upon  this  wall-like  ridge  the  stranded  ice  seems  to  have  been 
continually  massed,  and,  melted  by  each  recurring  summer's  sun, 
it  sent  torrents  of  water  south  across  the  county,  wearing  slight 
depressions  in  the  ridges,  as  at  Low  Gap  and  the  source  of  Greasy 
Creek,  bearing  fine  sediment,  some  gold  dust  and  black  sand,  and 
but  few  or  no  pebbles  or  boulders.  This  flood  was  long  continued, 
first  flowing  clear  across  the  county  at  a  high  level,  and  even 
across  parts  of  Jackson ;  next  following  the  synclinal  axes  of  the 
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underlying  rocks,  it  excavated  South  and  Middle  Forks  of  Salt 
Creek,  and,  finally  foUoxving  another  synclinal,  adopted  the  direct 
line  of  dip  by  the  North  Fork.  During  this  time  the  underflow 
from  the  glacier  was  also  working  a  channel  in  the  disintegrating 
shale  along  the  east  side  of  the  county,  by  Bean,  Blossom,  and 
finally  left  the  interior  basin  of  the  county  subject  only  to  the 
action  of  its  own  watershed." 

Brown  County  has,  up  to  the  present,  been  without  railway 
facilities,  but  the  Indianapolis  Southern  Division  of  the  Illinois 
Central,  now  being  built,  will  cut  across  a  portion  of  its  north- 
western  comer.  The  only  deposits  of  shales  and  clays  in  the 
county  examined  for  this  report  were  along  the  partially  finished 
grade  of  that  railway. 

At  the  O'Connor  cut,  31  feet  deep,  three  miles  southwest  of 
Morgantown,  in  the  northeast  corner  section  1  (10  S.,  2  E.),  the 
shale  is  exposed  10  feet  thick  beneath  a  heavy  cover  of  yellow 
clay  and  hardpan.  Between  the  hardpan  and  the  shale,  and 
resting  on  the  top  of  the  latter,  is  a  three-foot  stratmn  of  stiff, 
brownish  clay,  which  contains  many  fragments  of  cedar  logs. 
This  clay  probably  represents  a  portion  of  the  old  pre-glacial  soil 
which  covered  this  area  before  the  ice  sheet  came  and  left  the 
heavy  cover  of  "overlying  till. 

Along  the  roadways  and  slopes  in  the  southeast  quarter  section 
12  (10  N.,  2  E.),  the  ashen  gray  Knob  shale  occurs  within  a  foot 
or  two  of  the  surface,  and  outcrops  in  the  ditches  and  shallow 
ravines.  Many  of  these  outcrops  occur  within  a  half  mile  of  the 
railway  grade. 

The  shale  is  exposed  in  the  bottom  of  the  North  Fork  of  Bean 
Blossom,  at  the  point  where  the  north-south  wagon  road  strikes 
that  stream,  in  the  northeast  quarter  of  section  13.  It  is  here 
covered  with  two  to  five  feet  of  gravel  and  clay,  and  but  a  f elv 
rods  from  the  railway. 

Farther  west,  at  the  James  Harris  cut,  northwest  quarter  of 
section  18,  the  shale,  two  to  four  feet  thick,  is  overlain  with  three 
to  five  feet  of  yellow  clay  and  underlain  with  a  heavy  ironstone 
band. 

Sixty  yards  north  of  the  point  where  the  railway  crosses  the 
North  Fork,  in  the  southeast  quarter  of  section  24,  is  a  shale  ex- 
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posure  20  feet  thick,  with  two  layers  of  iron  carbonate  about  three 
feet  apart,  the  upper  one,  four  inches  thick,  being  six  feet  from 
the  top  of  the  shale.  A  similar  layer  of  ironstone  forms  the  floor 
or  bed  of  the  stream  at  the  point  where  crossed  by  the 'railway. 

One  and  a  half  miles  farther  southwest,  in  the  northwest  coi> 
ner  of  35,  a  cliff  of  shale  occurs  on  the  south  side  of  and  about 
80  yards  distant  from  the  railway.  This  exposure  is  24  feet  thick, 
with  two  to  four  feet  of  yellow  clay  and  gravel  above.  Two  thin 
layers  of  iron  carbonate  occur  in  the  shale  stratum  about  eight 
feet  from  the  top. 

On  the  Jenkins  farm,  about  two  miles  northeast  of  Needmore, 
in  the  southwest  quarter  of  section  28,  a  bold  cliff  of  the  shale,  70 
feet  and  more  in  height,  occurs  on  the  south  bank  of  Bean  Blos- 
som Creek.  The  talus  from  this  cliff  has  banked  up  against  its 
foot  and  forms  a  slope  coveriog  one-third  its  height.  This  talus 
or  debris  has  weathered  into  a  fine-grained,  plastic  clay,  which 
appears  suitable  for  the  clay  ingredient  of  Portland  cement.  The 
shale  at  this  point  appears  less  siliceous  than  that  farther  east, 
and  there  is  no  doubt  but  that  it  will  make  either  ordinary  or  dry 
pressed  front  brick,  or  good  vitrified  street  brick.  Tte  creek  will 
furnish  an  abundance  of  water,  and  the  railway  is  but  150  yards 
to  the  north.  This  was  the  best  grade  of  the  Knob  shale  seen 
in  Brown  County,  but  a  closer  inspection  and  practical  tests  will 
doubtless  show  that  a  number  of  the  outcrops  farther  east  are  of 
workable  quality  for  dry-pressed  or  vitrified  brick-making.  It  is 
doubtful  if  any  of  them  can  be  used  for  making  hollow  vitrified 
products,  as  in  general  the  Knob  shales  are  too  lean  for  that  pur- 
pose. 

The  railway  passes  through  a  low  cut  just  north  of  the  high 
shale  cliff  above  mentioned,  whose  sides,  to  a  depth  of  three  feet, 
are  composed  of  a  light  yellow,  fine-grained  loess  clay,  wholly 
free  from  lime  pebbles  and  other  impurities,  and  suitable  for  a 
good  grade  of  ordinary  brick,  drain  tile  or  pressed  front  brick. 

No  factory  for  making  brick,  drain  tile  or  other  article  of  clay 
exists  in  Brown  County. 
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JACKSON  COUNTY. 

Jackson  County  lies  in  the  southern  third  of  the  State,  and 
about  midway  between  its  eastern  and  western  borders.  It  com- 
prises an  area  of  520  square  miles,  and  is  bounded  on  the  north 
by  Brown  and  Bartholomew,  on  the  east  by  Jennings  and  Scott, 
oh  the  south  by  Scott  and  Washington^  and  on  the  west  by  Law- 
rence and  Monroe  counties.  It  is  rectangular  in  shape,  but  its 
southern  boundary  is  very  uneven,  due  to  the  meanderings  of  the 
Muscatatuck  and  White  rivers,  which  form  that  boundary  line. 

The  Knobstone  rocks  cover  the  surface  of  nearly  the  entire 
county,  their  eastern  horizon  being  nowhere  more  than  six  miles 
west  of  the  Jennings  County  line.  To  their  east  the  Black  Shale 
of  the  Genesee  Epoch  lies  next  below  the  surface  soil  and  clay. 

The  East  Fork  of  White  River  enters  the  county  three  miles 
west  of  its  northeastern  corner,  and,,  flowing  southwesterly, 
divides  its -area  into  two  triangular-shaped  districts,  which  are 
very  unlike  in  their  topography  and  in  the  character  of  their  soils. 
In  the  southeastern  district  the  surface  is  mostly  rolling,  with  low, 
sandy  hills,  50  to  100  feet  in  height.  The  northwestern  district 
is  very  broken,  and  is  traversed  by  a  number  of  ridges  and  their 
intervening,  steep-sided,  V-shaped  valleys.  The  ridges  rise  from 
250  to  300  feet  above  the  plains  of  White  River.  Both  ridgee 
and  valleys  trend  in  a  northeasterly  and  southwesterly  direction. 
The  valleys  are  unproductive,  except  where  bottom  lands  have 
been  formed  in  them  by  the  silting-up  process.  In  this  region  the 
descent  from  the  highest  Knobstone  hills  to  the  lowlands  to  the 
south  is  gradual,  and  across  rolling  foothills  which  merge  into 
low  glacial  hills,  and  finally  into  the  low  bottom  lands  of  East 
White  River.  In  places  the  foothills  spread  out  into  broad  table 
lands,  ^which  possess  a  sub-soil  of  clay. 

Few  counties  in  the  State  can  boast  of  a  better  agricultural 
region  than  that  found  in  the  southeastern  district  and  along  the 
immediate  valley  of  White  River.  No  better  crops  of  com,  oats 
and  melons  are  produced  in  Indiana  than  are  grown  on  the  first 
and  second  bottom  lands  west  of  Seymour,  while  the  sandy  loam 
soils  of  the  southern  part  of  the  county  are  especially  adapted  to 
the  raising  of  peaches  and  grapes. 

White  River  is,  of  course,  the  main  drainage  stream  of  the 


CLAYS  OF  JACKSON  COUNTY.  363 

county,  and  receives  numerous  small  tributaries  from  either  side. 
The  Muddy  Fork  of  Salt  Creek  has  its  source  in  the  valleys  of"  the 
northeast  quarter,  and  drains  that  region,  while  the  Muscatatuck 
and  its  main,  or  Vernon  Fork,  drains  the  southeastern  corner. 

The  railway  facilities  of  the  county  are  good.  The  J.,  M.  &  I. 
Division  of  the  Pennsylvania  Railway  passes  north  and  south 
through  the  eastern  third.  The  B.  &  O.  S.-W.  crosses  diagonally 
from  northeast  to  southwest,  while  the  Southern  Indiana  runs 
east  and  west  a  few  miles  north  of  the  center.  All  three  converge 
at  Seymour,  the  leading  tdwn  of  the  county. 

The  clays  of  Jackson  County  which  are  sufficient  in  quantity 
and  of  suitable  quality  for  extensive  manufacturing  are  surface 
clays  and  the  Knobstone  shales,  which  outcrop  along  White 
River  southwest  of  Seymour  and  on  the  sides  of  a  number  of  the* 
ridges  west  and  northwest  of  that  city. 

On  the  roadside,  one-fourth  mile  east  of  White  Creek,  in  the 
northwest  quarter  of  section  32  (7  N.,  5  E.),  is  an  outcrop  of 
grayish  soapstone  or  clay  shale,  very  fine-grained,  wholly  free 
from  grit,  and,  where  weathered,  very  soft  and  plastic.  It  is  over- 
lain by  a  boulder  clay  from  three  to  10  feet  in  thickness,  from 
which  it  is  separated  by  a  thin  stratum  of  carbonate  of  iron.  This 
shale  deposit  is  about  three  miles  north  of  the  Southern  Indiana 
Railway.  There  is  no  doubt  but  that  it  could  be  made  into  paving 
brick  of  excellent  quality.  It  will  also  make  pressed  front  brick, 
roofing  tile  and  sewer  pipe. 

One-half  jnile  farther  west,  in  the  northeast  quarter  of  section 
31  (7  N.,  5  E.),  on  the  farm  of  the  late  Hon.  Louis  Schneck,  a 
brick  and  tile  factory  was  in  operation  for  ten  or  more  years.  The 
brick  were  made  from  a  buff,  loamy  clay,  evidently  of  glacial 
origin,  the  deposit  of  which  covers  30  or  more  acres  to  a  depth  of 
13  feet,  and  overlies  a  stratum  of  sand  12  feet  in  thickness.  But 
five  feet  of  the  clay  were  used,  since  below  that  depth  lime  pebbles 
appear.  These  are  not  so  many,  however,  but  that  they  could  be 
crushed  with  a  dry  pan  and  their  harmful  tendencies  thus 
destroyed. 

From  this  clay  end-cut  brick  were  made  on  a  Frey-Sheckler 
auger  machine,  which  were  used  for  paving  alleys  and  street 
crossings  in  Seymour  a  number  of  years  ago.  They  have  since 
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been  subjected  to  much  heavy  traffic,  but  as  yet  show  no  signs  of 
wear. 

A  square  down-draft  kiln  was  used  in  burning  these  brick,  and 
a  handsome  dark  glaze  was  formed  on  their  surface  without  the 
use  of  salt  or  other  artificial  substance.  By  mixing  this  surface 
clay  with  the  above-mentioned  shale,  one-half  mile  distant,  in 
the  proportion  of  two  parts  of  the  former  to  one  of  the  latter,  and 
then  making  the  brick  on  a  side-cut  machine  and  burning  in  a 
standard  round,  down-draft  kiln,  there  is  little  doubt  but  that 
paving  brick  of  unexcelled  quality  would  result.  At  present, 
however,  the  deposit  is  too  far  from  transportation  facilities  and 
fuel  to  carry  on  the  business  on  an  extensive  scale. 

A  deposit  of  soft  clay  shale,  suitable  for  vitrified  products,  out- 
crops on  the  roadside  in  the  southeast  quarter  of  section  1  (6  N., 
4  E.),  one  mile  west  and  two  south  of  the  brick  factory  above 
mentioned.  It  is  10  feet  in  thickness  where  exposed  and  is  over- 
lain by  boulder  clays. 

West  of  the  station  of  Surprise,  in  the  northwest  quarter  sec- 
tion 9  (6  N.,  4  E.),  there  is  an  exposure  of  Knobs  tone  shale  in  a 
ravine  a  few  rods  south  of  the  S.  I.  Railway.  This  bed  of  shale 
covers  a  large  area  in  the  ridges  to  the  south,  and  is  capped  with 
a  thin  covering  of  soil,  boulder  clay,  iron  carbonate  and  geodes. 
The  exposure  is  16  feet  in  thickness,  but  the  total  thickness  of 
the  deposit  was  not  determinable.  It  weathers  into  a  soft,  plas- 
tic, grayish  clay.  One  hundred  yards  farther  west  the  same  shale 
is  cut  to  a  depth  of  IT  feet  by  the  railway,  and  is  overlain  with 
three  feet  of  a  mixture  of  the  materials  above  noted. 

One  mile  a  little  south  of  west  of  the  above  exposure  and  160 
yards  south  of  the  Southern  Indiana,  on  the  land  of  John  W. 
Lucas,  east  half  section  7  (6  N.,  4  E.),  a  bold  bluff  of  the  Knob- 
stone  shale  rises  40  or  more  feet  above  the  water  of  Salt  Creek 
at  its  base.  In  this  bluff  are  four  parallel  layers  of  large  concre- 
tions of  ironstone  (siderite).  One  of  these  layers  is  about  three 
feet  above  the  surface  of  low  water.  Six  feet  higher  is  a  second, 
eight  feet  higher  a  third,  and  two  feet  higher  a  fourth.  Some  of 
these  concretions  are  flat,  several  feet  across  and  six  to  ten  inches 
thick.  Between  these  layers  of  ironstone  the  shale  weathers  in 
small  quadrangular  blocks.  This  Knobstone  shale  is  called  ^^soap- 
stone"  by  the  residents  of  that  vicinity,  but,  as  already  noted,  the 
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term  "soapstone"  rightfully  belongs  to  the  mineral  steatite  or  talc, 
a  magnesium  silicate  which  does  npt  occur  in  Indiana. 

A  partial  analysis  of  samples  from  the  above  outcrop  of  shale, 
made  by  F.  E.  Walker,  chemist  of  the  U.  S.  Cement  Co.,  of  Bed- 
ford, showed  the  presence  of  the  following  constituents : 

Partial  Analysis  of  Knobstone  Shale  from  near  Freetown,  Ind. 

SiUca  (SiOJ  59.70 

Alumina  (Al,Oa)   21.87 

Ferric  oxide  (FeaO.) 6.59 

Lime  (CaO)   95 

Magnesia  (MgO) 2.27 

Loss  (alkalies,  etc.) n 5.44 

Total    .' 96.82 

The  analysis  proves  the  shale  well  fitted  for  the  clay  ingredient 
of  Portland  cement. 

All  of  the  deposits  of  this  shale  east  of  Freetown,  if  properly 
weathered  and  then  ground  fine,  will  be  found  in  every  way 
suited  for  making  vitrified  products.  In  the  bluffs  above  men- 
tioned, and  in  others  farther  down  the  stream  in  the  same  and 
adjacent  sections,  they  are  found  in  practically  inexhaustible 
quantities.  Their  proximity  to  a  railway  and  to  a  good  supply  of 
water  can  not  be  excelled.  The  only  thing  lacking  is  a  fuel  sup- 
ply, which  can  be  readily  and  cheaply  obtained  from  the  coal 
regions  to  the  westward  through  which  the  railway  passes. 

West  of  Freetown,  between  Norman  and  Kurtz,  are  a  number 
of  deep  cuts  in  which  the  shale  is  exposed  25  to  40  feet  above 
the  railway  grade.  Those  east  of  Kurtz  are  of  seemingly  good 
quality  for  manufacturing  purposes,  but  west  of  that  station  they 
partake  more  of  the  nature  of  shaly  sandstones,  and  are  probably 
too  high  in  silica  for  anything  but  ordinary  brick-making. 

South  of  Freetown,  in  sections  18,  19  and  30  (6  N.,  4  E.),  many 
outcrops  of  the  Knobstone  shale  occur  in  the  hillsides.  In  gen- 
eral, they  are  overlain  with  layers  of  geodes  and  ironstone  clays. 
The  latter,  when  exposed  for  some  years  to  rain  and  frost, 
weather  into  small  quadrangular  brownish  pieces,  called  "creek 
gravel."  This  is  often  used  in  repairing  roads,  since  but  little 
true  drift  or  water-worn  gravel  is  found  in  the  region. 

The    best-known    exposure    of   Knobstone   shale   in   Jackson 
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County  is  that  now  furnishing  the  clay  ingredient  for  Portland 
cement  at  the  large  Lehigh  Portland  Cement  factory,  at  Mitch- 
ell, Ind.  This  deposit  is  at  a  point  called  "Blue  lick,"  on  the 
south  side  of  the  B.  &  O.  S.-W.  Railway,  in  the  northeast  quarter 
of  section  6  (6  N.,  6  E.).  A  description  and  analysis  of  this  shale 
was  published  on  page  146  of  the  22d  (1897)  Report  of  this 
Department,  and  from  that  description  the  promoters  of  the 
Lehigh  factory  first  gained  a  knowledge  of  the  presence  of  a  shale 
suitable  for  their  needs  within  easy  shipping  distance  of  the  pro- 
posed  factory. 

The  Blue  Lick  deposit  is  exposed  from  10  to  60  feet  above  the 
level  of  the  railway,  and  is  covered  with  from  2  to  12  feet  of  sand. 
It  consists  of  a  soft,  fine-grained,  argillaceous  variety  of  the  Knob- 
stone  shale;  is  wholly  free  from  grit  and  lime  impurities,  con- 
tains but  few  concretions  of  ironstone,  and  weathers  into  a  soft, 
unctuous,  plastic  clay.  It  outcrops  along  a  ridge  for  a  distance 
of  several  hundred  yards,  and  forms  the  main  body  of  the  ridge 
throughout  its  full  width.  The  railway  formerly  ran  at  the  very 
foot  of  the  outcrop,  but  the  shale  weathered  and  fell  down  over 
the  track  to  such  an  extent  that  the  latter  had  to  be  moved  several 
rods  to  the  north. 

The  analysis  of  the  shale,  Noyes,  chemist,  showed  its  composi- 
tion to  be  as  follows : 

Ancdym  of  Knobstone  Shale  from  "Blue  Lick,'*  Jackson  Co. 

SiUca  (SiO:J 59.64 

Titanium  oxide  (TIOJ 1.05 

Alumina  (Al,OJ 19.14 

Combined  water 4.36 

Clay  base  and  sand : . .  84.19 

Ferric  oxide  (Fe,OJ 3.39 

Ferrous  oxide  (FeO) 4.20 

Lime  (CaO) 26 

Magnesia  (MgO)  2.81 

Potash  (K,0)   3.53 

Soda  (Na,0)  80 

Fluxes  •  .  14.49 

Carbon  dioxide  (COi) .35 


Total 99.03 
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The  analysis  shows  a  very  close  approximtaion  to  the  standard 
of  comparison  (see  p.  82),  and  proves  the  chemical  fitness  of  the 
shale  for  the  making  of  paving  brick  and  sewer  pipe.  In  1904 
approximately  44,000  tons  were  used  at  the  Mitchell  cement  fac- 
tory, the  output  of  the  factory  being  1,900  barrels  of  cement  per 
day,  one-third  of  which  was  shale.  The  Lehigh  Company  has 
begun  a  new  factory  just  east  of  the  present  plant,  which  will 
have  a  capacity  of  3,000  barrels  per  day.  When  completed  the 
Blue  Lick  deposit  of  shale  will  furnish  the  clay  ingredient  for 
both  plants. 

Shales  of  the  same  character  as  found  at  Blue  Lick  occur  at 
various  points  from  Brownstown  to  four  miles  east  along  the 
south  sidef  of  the  B.  &  O.  S.-W.  Samples  have  been  received 
from  the  Brownstown  Brick  &  Tile  Co.  which  had  partly  weath- 
ered into  a  soft  blue-gray  gritless,  plastic  material  of  high  grade 
for  either  Portland  cement  making  or  vitrified  clay  wares.  In 
the  accompanying  letter  it  was  stated  that  ^^The  stripping  consists 
of  sand  from  one  foot  to  ten  in  thickness.  The  shale  is  known  to 
be  100  or  more  feet  thick.'' 

Just  northeast  of  the  Blue  Lick  deposit,  in  the  southeast  quar- 
ter of  section  31  (6  N.,  6  E.),  is  a  tract  of  60  acres  by  the  side 
of  the  railway,  on  which  the  shale  is  also  of  good  quality  for 
cement  making  or  vitrified  materials.  This  tract  is  owned  by 
Matthews  &  Chrisler  of  Bedford.  The  stripping  above  the  shale 
is  of  a  sandy  nature,  and  so  shallow  that  holes  dug  for  fence  posts 
enter  the  latter.  An  analysis  of  the  shale  made  by  Dr.  Noyes 
showed  its  compoftition  to  be  very  similar  to  that  of  the  Blue  Lick 
deposit. 

Arudysis  of  Knobstone  Shale  from  Land  of  Matthews  d  Chrisler,  east  of 

Brownstown. 

SUica  (SiO,)   59.96 

Titanium  oxide  (TiOa) 1.12 

Alumina  (A1,0,) 18.65 

Water  4.54 

Clay  base  and  sand 84.26 

Ferric  oxide  (FCaO,) 4.87 

Ferrous  oxide  (FeO) 3.34 

Calcium  oxide  (CaO> .34 

Magnesium  oxide  (MgO) 2.18 
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Potassium  oxide  (K,0) 3.57 

Sodium  oxide  (Na,0) 78 

Fluxes  15.08 

Carbon  dioxide  (CO^ .28 

Total 99.(52 

The  analysis  proves  the  chemical  fitness  of  the  shale  for  the 
uses  above  mentioned. 

West  of  Brownstown  the  Knobstone  shales  outcrop  in  the  vicin- 
ity of  Medora  in  places  in  bold  bluffs  or  hills  near  to  and  on  the 
north  side  of  the  B.  &  O.  S.-W;  Railway.  These  western  depos- 
its are  higher  in  silica  than  the  Blue  lick  deposit,  and  therefore 
not  so  suitable  for  Portland  cement  making.  On  the  land  of  D. 
M.  Hughes,  just  northeast  of  Medora,  northeast  quarter  section 
27  (5  N.,  8  E.),  and  about  three-quarters  of  a  mile  from  the  rail- 
way, is  a  high  hill  composed  of  the  shale,  the  latter  being  over- 
lain with  soil  and  yellow  clay,  two  to  three  feet  in  thickness.  An 
analysis  of  samples  of  the  shale  by  Dr.  Noyes  showed  the  pres- 
ence of  the  following  constituents : 

Analysis  of  Knobstone  Shale  from  Land  of  D,  M.  Hughes,  near  Medora. 

Silica  (SiOJ    64.59 

Titanium  oxide  (TiOJ 30 

Alumina  (Al,Og) 16.37 

Water  combined  3.71 

Clay  base  and  sand 84.97 

Ferric  oxide  (FeaO,) 5.37 

Ferrous  oxide  (FeO) 1.59 

Lime  (CaO) 16 

Magnesia  (MgO)   1.56 

Potash  (K,0)   4.24 

Soda  (Na,0)   97 

Fluxes  : 13.89 

Carbon  dioxide  (COj) .43 

Total 99.29 

The  analysis  proves  its  fitness  for  making  ordinary  pressed 
front  or  paving  brick.  Sample  pressed  front  brick  made  from  it 
were  of  a  high  grade.  A  company  with  $30,000  capital  was  or- 
ganized in  1004  for  utilizing  this  deposit  for  the  making  of  such 
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brick.  The  land  at  the  base  of  the  shale  deposit  is  level  and  easy 
of  access  by  the  railway,,  thus  furnishing  a  good  site  for  a  large 
factory. 

At  Seymour  several  million  brick  have  been  brought  from 
Ohio  and  laid  down  in  the  streets.  These  cost  from. $10.00  to 
$14.00  per  thousand.  The  raw  material  for  making  them  was  to 
be  found  in  abundance  by  the  side  of  the  railway  within  five  miles 
of  the  spot  where  they  were  used.  The  extra  amount  paid  for 
transportation  of  these  brick  would  have  paid  for  a  good  plant 
for  manufacturing  them,  which,  in  the  future,  would  have  fur- 
nished labor  for  many  hands.  No  paving  brick  factory  exists  at 
present  in  Southern  Indiana  except  the  one  at  Evansville.  All 
the  towns  of  a  thousand  or  more  inhabitants  in  that  region  will, 
within  a  few  years,  use  brick  for  paving  their  leading  streets.  No 
cheaper  or  more  durable  pavement  can  be  put  down.  All  things 
considered,  no  better  point  exists  for  locating  the  factory  to  sup- 
ply the  brick  for  these  future  pavements  than  at  one  of  the 
various  points  above  mentioned  along  the  S.  I.  and  B.  &  O.  S.-W. 
railways  in  Jackson  County. 

Ordinary  brick  and  drain  tile  are  made  from  the  surface  clays 
of  Jackson  County  at  Seymour,  Brownstown,  Kurtz  and  Croth- 
ersville,* 

At  Seymour  three  to  six  feet  of  surface  clay  are  used,  and  about 
1,000,000  brick  made  each  year.  At  Brownstown  6  to  18  inches 
of  sandy  soil  is  first  stripped  and  the  underlying  clay,  three  to 
six  feet  thick,  is  made  into  brick  and  drain  tile,  the  value  of  the 
output  in  1904  being  $2,Y00. 

At  Kurtz  eight  feet  of  yellow  clay  and  "soapstone"  are  used, 
after  removing  one  foot  of  soil.  Both  brick  and  drain  tile  are 
made,  but  the  output  is  small,  being  valued  only  at  $1,462  in 
1904.  At  Crothersville  the  surface  soil  and  clay,  both  of  which 
are  used,  are  two  and  a  half  feet  thick.  Below  this  occurs  a  "joint 
clay"  not  suitable  for  working.  About  300,000  brick  were  made 
in  1904.    Those  brought  $5.00  per  thousand  at  the  plant. 


*See  statistical  table  near  end  of  paper. 
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WASHINGTON  COUNTY. 

Washington  County  lies  near  the  center  of  the  southern  third 
of  the  State.  It  is  separated  from  Lawrence  and  Jackson  coun- 
ties on  the  north  by  the  East  Fork  of  White  River,  and  its  largest 
tributary,  the  Muscatatuck  River.  On  the  east  it  is  bounded  by 
Scott  and  Clark,  on  the  south  by  Floyd,  Harrison  and  Crawford, 
and  on  the  west  by  Orange  and  Lawrence  counties.  The  county 
is  one  of  the  larger  Ones  of  the  State,  being  25  miles  in  extreme 
width  from  north  to  south  and  25  miles  in  greatest  length  from 
east  to  west,  its  area  being  523  square  miles. 

The  rocks  of  four  Geological  Epochs  of  the  Lower  Carbonif- 
erous Period  form  its  surface.  These  are  the  Knobstone,  cover- 
ing the  greater  part  of  the  northern  fourth  and  eastern  third  of 
the  county ;  the  Harrodsburg  Limestone,  occurring  on  the  higher 
hills  and  ridges  east  and  north  of  the  center ;  the  Bedford  Oolitic 
limestone,  occupying  narrow,  tortuous  areas  in  the  central  third 
and  northwestern  fourth,  and  the  Mitchell^ limestone,  covering 
the  greater  part  of  the  western  third.  A  few  outliers  of  the 
Huron  Group  also  occur  in  the  southwestern  portion. 

From  the  vicinity  of  Salem  westward  to  the  county  line,  espe- 
cially along  the  line  of  the  Monon  Railway,  the  surface  of  the 
county  is  generally  level,  or  nearly  so.  This  area  comprises  the 
better  agricultural  portion  of  the  county.  The  northern  and  east- 
ern parts  of  the  county  are  broken  and  rough.  Going  westward 
or  southward  from  the  Muscatatuck  River,  the  upper  part  of 
the  Knobstone  is  approached.  This  has  a  larger  proportion  of 
sandstone  and  is  capped  by  the  hard  limestones  of  the  Harrods- 
burg Epoch.  These  withstand  erosion  much  better  than  the 
lower  members  of  the  Knobstone  and  give  rise  to' a  belt  of  country 
of  extremely  broken  character.  The  hard  overlying  limestones 
tend  to  form  a  high  plateau  sloping  to  the  west  with  the  dip  of 
the  rocks.  The  eastward  and  northward  flowing  streams  have 
eaten  through  this  overlying  crust,  where  it  is  thinning  out 
along  its  edge,  and  once  through  that  and  the  hard  sandstones  in 
the  upper  part  of  the  Knobstone  formation,  they  have  cut  rapidly 
through  the  soft  underlying  shales  nearly  to  the  base  level  of 
the  region  to  the  east.  The  result  is  a  series  of  valleys  from  250 
to  800  feet  deep  and  from  one  to  five  miles  long,  separated  by 
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narrow  divides.  The  divides  tend  to  be  flat-topped,  evidently 
being  nneroded  prolongations  of  the  plateau.  As  they  extend  out 
from  the  plateau  they  tend  to  become  narrower  and  to  have  low 
saddles  cut  in  the  crest,  and  finally  the  ridge  ends  abruptly,  mak- 
ing a  bold  headland,  to  which  the  name  "knob"  has  been  given. 
The  central  and  southern  parts  of  the  county  are,  in  many  locali- 
ties, considerably  broken,  but  the  land  is  not  so  rough  as  much 
of  the  north  and  east. 

The  creeks  of  the  northern  part  of  the  county  flow  a  northerly 
course,  with  a  slight  trend  to  the  west,  and  empty  their  waters 
into  the  East  Fork  of  White  River  or  the  Muscatatuck.  Named  in 
order  from  the  west,  they  are  Clif ty,  Twin,  Rush,  Buffalo,  Dela- 
ney  and  Elk  creeks.  All  of  the  eastern  and  southern  portions  of 
the  county  are  drained  by  Blue  Eiver  or  some  of  its  many 
branches,  its  principal  tributaries  in  the  county  being  the  North, 
Middle  and  South  forks.  These  unite  near  Fredericksburg,  close 
to  the  south  county  line. 

The  transportation  facilities  of  the  county  are  poor,  the  C,  I. 
&  L.  (Monon)  being  the  only  railway  within  its  bounds.  This 
crosses  the  country  in  a  northwest-southeast  direction,  passing 
through  Salem,  the  county  seat. 

The  deposits  of  available  commercial  clays  in  Washington 
County  are  few  and  far  between.  The  Knobstone  shales,  in  the 
northeast  part  of  the  county,  will,  in  many  places,  be  found  suit- 
able for  clay  wares  or  for  the  clay  ingredient  of  Portland  cement, 
but  they  are  at  present  too  distant  from  railway  facilities  to  be  of 
value.  In  the  outcrop  nearest  Salem  the  percentage  of  silica  pres- 
ent will  be  found  much  higher  than  in  those  farther  northeast, 
where  the  clay  shales  predominate.  Whether  the  silica  will  run 
too  high  to  allow  the  use  of  the  shale  for  making  Portland  cement 
only  chemical  analyses  will  show. 

The  dark*  blue,  clayey.  New  Providence  shales,  which  lie  at 
the  base  of  the  Knobstone  formation  in  the  northern  part  of  the 
county,  run  from  150  to  200  feet  in  thickness,  and  contain  many 
concretions  of  iron  carbonate.  These  shales  are  low  in  silica  and 
everywhere  suitable  for  manufacturing.  They  are  overlain  with 
80  feet  or  more  of  siliceous  shales,  and  these,  in  turn,  by  10  to  60 
feet  of  grayish  to  buff  Knob  sandstone.  The  blue,  clayey  shales 
outcrop  in  many  places  along  Delany's  Creek  near  its  mouth.    At 
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Plattsburg  they  are  exposed  to  a  thickness  of  more  than  100 
feet. 

Gibson  Township  is  the  principal  Knobstone  region  of  the 
county,  the  knobs  or  ridges  rising  in  places  300  feet  above  the 
creek  bottoms.  The  New  Providence  shales  abound  along  Elk 
Creek,  in  some  places  on  the  west  bluffs  being  exposed  to  a  thick- 
ness of  220  or  more  feet.  Four  or  five  miles  above  the  mouth  of 
Elk  Creek  the  '^knobs''  rise  to  a  height  of  more  than  300  feet 
above  the  creek  bottom.  The  exposures  show  blue  shales  all  the 
way  to  the  tops.  Should  a  railway  ever  be  built  in  this  section 
of  the  county  a  plentiful  supply  of  clay-working  material  can  be 
easily  and  cheaply  secured. 

In  the  townships  of  Franklin  and  Polk  the  main  exposures  of 
Knobstone  shales  are  in  the  cuts  made  by  the  creeks  and  branches, 
but  these  are  so  numerous  that  it  is  not  difficult  to  find  the  out- 
croppings  of  these  rocks  in  any  neighborhood.  Along  the  Middle 
Fork  of  Blue  River,  from  the  vicinity  of  New  Philadelphia  almost 
to  the  point  where  the  stream  is  crossed  by  the  Monon  Eailway, 
the  Knobstone  shales  may  be  seen  at  many  points.  They  underlie 
the  Harrodsburg  limestones  and  are  of  a  uniform,  dull,  blue 
color,  soft  and  pyritous,  and  crumbling  rapidly  on  exposure. 
Good  deposits  for  brick-making  could  probably  be  found  in  the 
vicinity  of  Farabee  and  Pekin  stations,  but  on  account  of  a  lack  of 
time  no  investigation  of  these  localities  was  made. 

On  the  old  Eodman  farm,  one  mile  east  of  Harristown,  is  an 
exposure  of  the  blue  shale,  35  feet  in  thickness,  but  overlain  with 
80  or  more  feet  of  sandstone  and  limestone. 

The  outcrops  nearest  Salem  are  about  two  and  a  half  miles  east 
along  the  North  Fork  of  Blue  River.  Eight  to  ten  feet  of  the 
shale,  overlain  with  yellow  clay,  are  here  exposed  in  a  cut  on  the 
Canton  road.  Northeast  of  Canton,  about  one  and  a  half  miles, 
the  shales  may  be  seen  outcropping  along  the  perpendicular  banks 
of  a  small  creek.  At  both  places  they  can  be  made  into  vitrified, 
pressed-f ront  or  ordinary  brick. 

Ordinary  brick  are  made  from  surface  clay  in  Waahington 
County  only  at  Salem,  and  drain  tile  at  Little  York,  near  the  east- 
ern boundary.  At  the  latter  place  a  "low  bottom"  alluvial  clay  is 
used  for  drain  tile-making. 
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FLOYD  COUNTY. 

« 

This  is  a  small,  triangular  county,  in  the  southern  part  of  the 
State,  lying  on  the  Ohio  River,  opposite  Louisville,  Ky.  It  lies 
south  of  Clark  and  Washington,  west  of  Clark  and  east  of  Harri- 
son and  Washington  counties.  Its  greatest  length  from  north  to 
south  is  15  miles  and  its  maximum  width  14  miles.  However,  on 
account  of  its  shape,  it  contains  but  150  square  miles,  being  the 
second  smallest  county  in  the  State. 

The  surface  rocks  of  the  county  belong  to  five  -Geological 
Epochs,  viz.,  the  Genesee  shale  of  the  Devonian,  the  Knobstone 
and  the  Harrodsburg,  Bedford  Oolitic  and  Mitchell  limestones 
of  the  Lower  Carboniferous  Periods.  The  black  New  Albany  or 
Genesee  shale  covers  oifly  a  narrow  strip  in  the  southeastern  cor- 
ner. The  Knobstone  shales  form  the  surface  of  the  greater  part 
of  the  eastern  half,  while  the  Lower  Carboniferous  limestones 
occur  in  the  western  half. 

The  surface  of  the  county  is  diversified  with  hills  and  valleys, 
bottom  lands  along  the  streams  and  considerable  stretches  of  level 
and  rolling  country.  A  range  of  knobs,  the  Silver  Hills,  runs 
through  the.  county  from  north  to  south,  the  elevated  surfaces  of 
which  constitute  some  of  the  best  fruit  lands  in  the  State.  The 
soil  and  climate  are  well  adapted  to  all  kinds  of  fruit,  especially 
grapes.  The  valleys  and  bottom  lands  of  the  Ohio  are  proverbial 
for  fine  crops  of  com,  wheat,  oafs,  rye  and  barley,  the  soil  being 
of  a  deep  black  loam  or,  in  some  parts,  loam  mixed  with  clay,  and 
in  others  with  sand  and  gravel,  lying  favorably  for  natural  drain- 
age, and,  consequently,  dry  and  easily  tilled. 

Transportation  facilities  in  the  southern  and  eastern  portions 
of  the  county  are  good,  but  in  the  northern  and  northwestern 
parts  are  wholly  lacking.  The  Ohio  Kiver,  which  forms  the  south- 
eastern border  for  a  distance  of  ten  miles,  furnishes  a  cheap  and 
ready  outlet  by  water.  The  C,  I.  &  L.  (Monon)  Railway  runs 
north  and  south,  close  to  the  eastern  edge,  while  the  St.  Louis 
Division  of  the  Southern  Railway  crosses  the  county  from  east  to 
west,  a  little  south  of  the  center.  In  addition  to  these,  spurs  of 
the  J.,  M.  &  I.  and  B.  &  O.  S.-W.  pass  through  New  Albany  in 
f^aching  Louisville. 

Jhe  besf;  ^^d  p^t  available  commercial  clays  of  Floyd  County 
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are  the  New  Providence  shales,  lying,  at  the  base  of  the  Knob- 
stone  formation,  in  the  immediate  vicinity  of  New  Albany.  In 
18Y3  Prof.  Borden  wrote  of  these  shales  as  follows :  "The  Knob- 
stone  formation  constitutes  the  broken  range  called  'Silver  Hills,' 
which  extend  from  a  point  on  the  Ohio  Eiver  below  New  Albany 
to  the  northern  line  of  Clark  County.  At  the  latter  locality  the 
range  is  called  the  Guinea  Hills.  The  knobs,  as  their  names 
imply,  rise  abruptly  from  the  black  slate  to  a  height  of  four  or 
five  hundred  feet  above  the  general  level  of  the  country. 

"The  New  Providence  shale  lies  at  the  base  of  the  knobs,  imme- 
diately above  a  ferruginous  limestone,  and  has  a  thickness  from 
80  to  120  feet.  As  you  follow  the  line  of  the  knobs  to  the  north- 
west it  becomes  thinner  until,  at  the  Guinea  Hills,  it  is  only  50 
to  60  feet.  It  is  a  fine,  greenish  colored  marly  shale,  that  pulver- 
izes when  dry  without  difiiculty.  As  many  as  six  to  ten  bands  of 
carbonate  of  iron  have  been  found  in  this  formation  in  a  vertical 
space  of  about  20  feet.  The  lower  band  is  usually  on  a  level 
with  the  drainage  of  the  country.  These  bands  will  average  from 
four  to  six  inches  in  thickness,  and  are  separated  from  each  other 
by  two  to  four  feet  of  soft  shale.  They  have  a  great  persistency, 
and  may  be  seen  cropping  out  along  the  aide  of  all  the  ravines. 

"The  New  Providence  shale  is  well  exposed  below  New  Albany 
at  the  base  of  the  knobs.  In  this  locality,  as  well  as  along  the  Cory- 
don  Pike,  it  attains  its  full  thickness.  Trestle  No.  6  of  the  Air- 
Line  (now  the  Southern)  Railway  rests  upon  its  summit,  and 
Trestle  No.  1  is  at  its  base,  and  the  thickness  is  here  more  than 
100  feet.  About  the  usual  quantity  of  kidney  ore  is  found  also 
in  it  at  this  locality,  but  the  stratified  ore  does  not  occur  here  as 
it  does  farther  north  in  Clark  County." 

These  Knobstone  shales  are  being  made  into  ordinary  brick  at 
two  large  factories  just  west  of  New  Albany,  near  the  side  of  the 
Southern  Railway.  The  largest  and  oldest  of  these  plants  is  that 
of  the  Hoosier  Brick  Co.,  erected  in  1894,  for  making  stiff  mud 
brick  from  a  deposit  of  shale,  on  the  south  side  of  the  railway, 
about  two  miles  west  of  the  city.  For  a  time  these  brick  were  sold 
largely  for  alley  and  crossing  pavements,  not  being  deemed  hard 
enough  for  street  paving  under  heavy  traffic.  This  was,  how- 
ever, more  the  fault  of  the  burning  than  of  the  material.  In 
recent  years  about  70  per  cent,  of  the  output  has  been  sold  for 
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building  purposea  and  80  per  cent,  of  the  harder  brick  for  gut- 
ters and  alleys.  The  former  bring  $6.00  and  the  latter  $7.00  per 
thousand  f .  o.  b.  the  cars  at  the  plant. 

The  shale  pit,  in  September,  1904,  had  an  exposed  face  of  60 
feet,  the  upper  third  being  drab  in  color,  the  lower  two-thirds 
light  blue.  Occasional  nodules  of  iron  ore  (siderite)  were  scat- 
tered through  the  shale.  One  layer,  four  inches  thick,  was  pres- 
ent about  12  feet  above  the  floor  of  the  pit.  The  level  of  this 
floor  was  about  ten  feet  above  that  of  the  yard  and  plant.  A  well 
just  north  of  the  plant  and  at  its  level  was  sunk  70  feet  into  the 
shale  before  reaching  its  bottom.  In  a  few  places  thin  layers  or 
encrustations  of  selenite  (calcium  sulphate)  occur  between  the 
shale  layers.  When  this  is  burned  it  causes  a  white  efflorescence 
on  the  brick,  which  lessens  their  value.  The  stiff  mud  brick  made 
from  this  shale  are  bright  cherry  red  in  color  and  of  good  quality. 
Those  which  are  wholly  or  partly  vitrified  are  a  uniform  dark 
red,  very  hard,  tough  and  non-porous.  Burned  in  the  proper  kind 
of  kilns  by  men  of  experience,  the  shale  could  be  made  into  a  good 
quality  of  vitrified  street  brick.  The  softer  and  more  plastic  por- 
tions of  the  deposit  could  also  be  used  for  hollow  building  block. 

From  an  exposure  in  the  hills  just  west  of  the  Hoosier  plant 
the  Kentucky  Vitrified  Brick  Co.,  of  Louisville,  have  shipped  a 
quantity  of  the  shale  for  use  in  their  factory.  Two  parts  of  the 
shale  were  mixed  with  one  part  of  under-clay  from  Kentucky  for 
making  vitrified  street  brick.  The  shale  was  tested  for  sewer 
pipe,  And  made  a  good  body,  but,  it  is  claimed,  would  not  glaze 
properly  with  salt. 

About  midway  between  New  Albany  and  the  plant  of  the 
Hoosier  Brick  Co.  is  the  new  plant  of  the  Goetz  Pressed  Brick 
Co.,  erected  in  1903-1904  for  making  dry-pressed  brick  from  the 
Elnobstone  shales.  It  is  located  on  a  spur  of  the  Southern  Bail- 
way,  just  north  of  the  main  line.  The  shale  is  obtained  from  a 
pit  on  the  north  side  of  the  Corydon  and  New  Albany  Pike,  about 
15  rods  northwest  of  the  plant,  being  carried  to  the  latter  in  tram 
cars  which  run  by  gravity.  The  pit,  where  worked  in  September, 
1904,  showed  18  feet  of  soft  drab  to  blue  clayey  shale,  but  the 
latter  rose  to  the  north  in  a  gradual  slope  to  fully  100  feet  above 
the  level  of  the  pit  bottom.  The  surface  of  this  slope  was  much 
cut  up  by  erosion,  and  where  bare  of  surface  clay  the  top  of  the 
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partially  weathered  shale  was  in  places  covered  with  numerous 
small  particles  of>iron  carbonate.  These,  farther  north,  in  Clark 
and  Jackson  counties,  are  termed  "creek  gravel,"  and  are  much 
used  as  road  material. 

There  is  little  or  no  stripping  above  the  shale  at  the  Goetz  pit, 
and  the  exposed  shale  had  everywhere  weathered  into  small  quad- 
rangular blocks,  indicative  of  its  plasticity.  Only  an  occasional 
nodule  or  concretion  of  iron  ore  was  visible.  The  upper  15  feet 
was  drab  to  dove^gray  in  color  and  somewhat  stained  with  iron 
oxide,  both  hue  and  stain  being  due  to.  the  leaching  of  centuries. 
The  lower  three  feet  of  the  exposure  was  light  blue,  that  being 
the  natural  color  of  the  unweathered  material.  About  70  cars, 
holding  a  ton  each,  were  used  each  day  in  making  25,000  brick. 
Six  men  were  required  in  the  pit  to  excavate  this  amount.  The 
material  was  being  ground  and  mixed  in  the  proportions  in  which 
it  occurred  in  the  pit.  An  analysis  of  an  unbumed  brick,  picked 
at  random,  was  made  by  Dr.  Lyons,  and  the  composition  found  to 
be  as  follows: 

Andlym  of  Knobstone  Shale  used  at  the  Ooetz'_Pre8sed  Brick  Factory, 

Silica  (SiOJ   63.88 

Titanium  oxide  (TiOJ 91 

Alumina  (A1,0.) 17.85 

Water  combined 4.99 

Clay  base  and  sand 87.B3 

Ferric. oxide  (FejO.) 5.3» 

Lime  (CaO) 38 

Magnesia  (MgO)  1.47 

Soda  (Na,0)   1.29 

Potash  (K,0)  3.98 

Fluxes  12.50 

Total 100.13 

The  analysis  proves  the  chemical  fitness  of  the  material  for 
ordinary  dry-pressed  or  vitrified  brick;  also  for  the  clay  ingre- 
dient of  Portland  cement. 

The  same  grade  of  Knob  shale  is  exposed  close  to  the  surface 
along  both  sides  of  the  Southern  Railway  between  the  Goetz  plant 
and  the  tunnel,  and  this  locality  offers  suitable  sites  for  a  number 
of  factories,  which  could  use  the  shale  for  many  products. 


Knobstone  Sbalc  Pit  <if  Goetz  Pressed  Brick  Co.,  New  Albany,  Fluj'd  <'oun(y. 
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On  or  near  the  Monon  Railway,  north  and  northeast  of  New 
Albany,  almoet  as  far  as  ITew  Providence,  the  same  shale  is 
exposed  in  inexhaustible  quantities.  One  of  these  outcrops  is  on 
Falling  Run  Creek,  near  the  end  of  Vincennes  Street,  and  but 
three  or  four  squares  from  the  railway.  A  mile  farther  north  is  an 
extensive  deposit,  the  surface  of  which  is  25  feet  above  the  railway 
grade.  Still  another  is  on  the  land  of  Thomas  C.  Hanna,  one-half 
mile  farther  northeast.  Since  the  shale  holds  water  like  a  cistern, 
large  surface  ponds  would  furnish  a  plentiful  supply,  or  it  could 
be  secured  from  the  river  or  the  city  waterworks.  On  account  of 
competitive  rates  on  the  river,  coal  is  sold  at  New  Albany  at  very 
low  prices.  All  these  factors,  coupled  with  the  excellent  trans- 
portation facilities  offered  by  the  four  railways  and  the  river, 
make  the  vicinity  a  most  inviting  one  for  prospective  clay  manu- 
facturers. 

Aside  from  the  brick  plants  above  mentioned,  the  only  clay 
industry  at  present  in  Floyd  County  is  that  of  Henry  Vance, 
located  about  two  and  a  half  miles  north  of  New  Albany.  From 
the  Huntingburg  potters^  clay,  already  described,*  he  makes  a 
"stone  pump,"  which  has  a  high  reputation  through  Floyd  and 
adjoining  counties.  The  cylinder  of  the  pump  is  three  inches 
and  the  suction  pipe  one  and  a  quarter  inches  in  diameter.  Both 
body  and  heads  of  the  latter  are  pressed  out  from  one  piece  of 
clay  by  a  device  patented  by  Mr.  Vance.  In  most  other  factories 
the  heads  are  welded  to  the  body.  Through  these  heads  pass  bolts 
which  fasten  the  different  sections  together.  The  plant  has  been 
in  operation  17  years,  and  the  value  of  the  output  is  about  $7,000 
per  annum. 

(h)     Clays  of  the  Counties  Comprising  the  Lower   Carboniferovs 

Limestone  Area, 

The  area  covered  by  the  Lower  Carboniferous  limestones  lies 
southwest  of  the  center  of  the  State,  between  the  Mansfield  Sand- 
stone of  the  Carboniferous  and  the  Knobstone  of  the  Lower  Car- 
boniferous Periods.  The  counties  comprised  in  this  area  are  Put- 
nam, Monroe,  Lawrence,  Orange,  Harrison  and  Crawford.  While 
much  of  the  area  of  each  of  these  counties  is  encroached  upon  by 

«  See  p.  285. 
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either  the  Enobstone  or  the  Mansfield  Sandstone,  the  greater 
portion  of  each  is  covered  by  one  or  more  of  the  limestones  known 
as  the  Harrodsburg,  Bedford  Oolitic,  Mitchell  and  Huron. 

PUTNAM  COUNTY. 

This  county  lies  about  40  miles  west  of  Indianapolis.  It  is 
bounded  on  the  north  by  Montgomery,  on  the  east  by  Hendricks 
and  Morgan,  on  the  south  by  Owen  and  Clay  and  on  the  west  by 
Clay  and  Parke  counties.  It  is  in  the  form  of  a  rectangle,  27 
miles  long  by  18  wfde,  with  a  small  additional  area  near  the 
southeastern  corner,  its  area  being  500  square  miles. 

The  rocks  forming  the  surface  of  the  county  are  the  Knob- 
stone,  in  the  northeastern  fourth  and  along  the  eastern  edge;  the 
Harrodsburg  limestone,  occupying  a  narrow,  irregular  strip  just 
to  the  west  of  the  Knobstone;  the  Bedford  Oolitic  limestone, 
forming  a  bordering  strip  west  of  the  Harrodsburg,  in  the  south- 
ern half  of  the  county;  the  Mitchell  limestone,  covering  the 
greater  part  of  the  central  third ;  the  Huron  limestones  and  sand- 
stones, along  the  streams  in  the  southwestern  corner ;  the  Mans- 
field sandstone,  over  a  strip  from  three  to  six  miles  wide  along  the 
western  border,  and  the  Coal  Measures  proper,  on  a  few  of  the 
higher  ridges  and  hills  in  the  southwestern  comer.  Every  Epoch 
of  the  Lower  Carboniferous,  with  the  exception  of  the  Goniatite 
limestone,  is  thus  represented  in  the  county,  and,  in  addition,  both 
epochs  of  the  Carboniferous  Era. 

In  the  northern  part  of  the  county  the  drift  acquires  a  thick- 
ness ranging  from  30  to  60  feet.  To  the  south  it  becomes  thinner, 
the  topography  more  rugged  and  outcrops  more  abundant.  The 
surface  in  the  northern  and  eastern  portions  is  slightly  undulat- 
ing. In  the  central,  southern  and  western  parts  hills  arise,  and 
that  portion  along  the  streams  rises,  in  places,  to  abrupt  bluffs. 
The  soil,  for  the  most  part,  is  very  fertile,  and  produces  large 
crops  of  cereals.  Corn,  wheat  and  hay  are  the  main  products. 
The  limestone  area  of  the  central  and  northern  portions  is  a  noted 
blue  grass  region,  and  is  famous  throughout  the  country  for  its 
production  of  fine  export  cattle. 

Kaccoon  Creek  drains  the  northwestern  corner,  passing  into 
Parke  County  at  Portland  Mills.    The  northeastern,  central  and 
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southwestern  portions  are  drained  by  Walnut  Creek  and  its  nu- 
merous tributaries,  the  main  stream  flowing  diagonally  across  the 
county  in  a  northeast-southwest  direction,  and  passing  into  Clay 
near  the  southwestern  corner.  Mill  and  Deer  creeks  and  their 
branches  drain  the  southern  and  southeastern  areas. 

The  transportation  facilities  of  the  county  are  good.  The  C,  I. 
&  L.  (Monon)  crosses  from  north  to  south  near  the  center.  The 
St.  Louis  Division  of  the  Big  Four  and  the  Vandalia  both  cross 
from  east  to  west,  also  near  the  center,  while  the  Springfield 
Division  of  the  C,  H.  &  D.  runs  east  and  west,  close  to  the  north- 
em  border. 

The  available  clay  deposits  of  commercial  value  are  few  in  Put- 
nam County.  .  Such  clays  do  not  occur  in  abundance  in  a  lime- 
stone region.  Drift  clays  occur  in  the  northern  half,  but  are  usu- 
ally more  or  less  mixed  with  lime  pebbles  and  other  impurities. 
One  of  the  best  deposits  of  surface  yellow  loess  clays  occurs  close 
to  the  Big  Four  Railway  just  west  of  Okalla.  Three  small  plants 
are  using  the  drift  clays  for  making  brick,  two  being  located  at 
Greencastle  and  one  at  Eoachdale.  In  addition  to  these,  drain 
tile  are  being  made  from  a  mixture  of  yellow  clay  and  black, 
mucky  soil  near  the  Owen-Putnam  line,  about  a  mile  and  a  half 
south  of  Cloverdale. 

The  Knobstone  rocks  which  outcrop  along  the  streams  in  th6 
northern  and  eastern  portions  of  the  county  are  in  general  too 
siliceous  for  use.  In  several  places  along  Walnut  Creek  the  Knob 
sandstones  are  quarried  for  abutments  and  foundations.  At  one 
of  these  quarries  east  of  Carpentersville,  in  the  southwest  quar- 
ter of  section  29  (16  N.,  3  W.),  about  ten  feet  of  sandy  Knob- 
stone  shale  occurs  above  the  sandstone  forming  the  face  of  the 
quarry.  The  same  character  of  shale  occurs  on  the  Starr  land 
in  the  northwest  quarter  of  section  6  (15  N.,  3  W.),  and  along 
Walnut  Creek  to  the  southeast.  Some  of  these  deposits  could 
probably  be  made  into  pressed  front  or  vitrified  brick,  but  their 
distance  from  a  railway  will  probably  preclude  their  being  so 
used. 

A  number  of  deposits  of  under-clay  of  fair  workable  quality 
occur  in  the  southwestern  portion  of  the  county.  In  the  hills 
about  Eeelsville  coal  I,  18  to  30  inches  thick,  overlies  a  soft  blue 
gray  imder-clay,  three  to  four  feet  thick.    At  the  Baumunk  mine. 
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in  the  northeast  of  section  32  (13  N.,  5  W.),  the  under-clay  is 
three  feet  four  inches  thick  beneath  28  inches  of  coal.  At  the 
Smith  mine,  in  the  northeast  of  28,  coal  TIT  is  overlain  with  three 
feet  of  shales  and  has  beneath  it  two  feet  of  undeivclay  and  a  bed 
of  shale  whose  thickness  is  not  known. 

On  the  William  Wright  place,  in  the  southeast  quarter  of  sec- 
tion 11  (14  N.,  5  W.),  coal  I,  18  to  26  inches  thick,  has  beneath 
it  18  inches  of  workable  under-clay.  Northwest  of  Oloverdale, 
in  sections  27  and  34  (13  N.,  4  W.),  coal  III  occurs  in  the  hills 
and  overlies  a  bed  of  under-clay  two  to  three  feet  in  thickness.  A 
deposit  of  superior  potters'  clay  also  occurs  near  the  schoolhouse 
in  the  northwest  quarter  of  section  17  (12  N.,  4  W.),  which  will 
be  found  suitable  for  stoneware  or  terra  cotta. 

On  the  land  of  M.  M.  Chittenden,  southwest  quarter  section  32 
(13  N.,  4  W.),  four  and  a  half  miles  west  of  Oloverdale,  a  stratum 
of  potters'  clay  outcrops  from  beneath  a  low  blufF:  It  is  probably  ' 
the  under-clay  of  coal  I,  and  at  the  point  of  exposure  is  three  or 
more  feet  thick.  It  occurs  over  an  area  of  40  or  more  acres  on 
the  Chittenden  farm.  Samples  sent  in  to  this  office  show  it  to  be 
a  soft,  fine-grained,  light  gray  clay,  very  plastic  when  wet  and 
seemingly  suitable  for  stoneware,  terra  cotta  and  all  kinds  of 
hollow  vitrified  wares. 

At  the  P.  T.  Brown  bank,  in  the  southwest  of  section  4  (12  N., 
6  W.),  the  coal  is  20  or  21  inches  thick,  a  semi-block,  with  a  good 
shale  roof,  and  what  is  claimed  to  be  a  fine  grade  of  under-clay, 
three  feet  thick,  beneath.  Most  of  these  deposits  are  too  far  dis- 
tant f roni  railway  facilities  to  be  ever  put  to  any  use. 

MONROE  COUNTY. 

Monroe  County  lies  southwest  of  the  center  of  the  State,  about 
60  miles  distant  from  Indianapolis.  It  is  bounded  on  the  north 
by  Owen  and  Morgan,  on  the  east  by  Brown -and  Jackson,  on  the 
south  by  Lawrence  and  on  the  west  by  Green  and  Owen  counties. 
In  shape  it  closely  resembles  Putnam,  being  rectangular  in  out-  * 
line,  24  miles  in  length  by  17  miles  in  width,  and  with  an  exten- 
sion on  its  southeastern  comer,  its  area  being  420  square  miles. 

The  rocks  of  the  Knobstone  Epoch  occur  in  the  northwestern 
corner  and  over  a  strip  four  to  six  miles  wide  along  the  eastern 
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border.  West  of  these,  and  covering  the  remainder  of  the  east- 
em  half  of  the  county,  is  the  geode  bearing,  Harrodsburg  lime- 
stone, with  its  characteristic  red  clay  cover.  Bordering  this  on 
the  west,  and  extending  north  and  south  the  full  length  of  the 
coimty,  is  a  narrow,  tortuous  strip  of  Bedford  oolitic  limestone. 
Along  this  strip  large  quarries  of  this  famous  building  stone  have 
been  recently  opened,  which  are  now  yielding  the  finest  building 
limestone  produced  in  the  United  States.  The  Mitchell  limestone 
borders  the  Oolitic  on  the  west,  and  covers  a  strip  two  to  six  miles 
wide,  west  and  northwest  of  Bloomington.  The  surface  of  the 
southwestern  portion  is  occupied  by  rocks  of  the  Huron  Age. 

On  account  of  this  representation  of  so  many  members  of  the 
Lower  Carboniferous  period,  each  varying  in  degree  of  its -sus- 
ceptibility to  erosion,  the  surface  of  the  county  is  very  diversi- 
fied, the  eastern  tier  of  townships  being  very  hilly,  almost  moun- 
tainous; the  southern  part  gently  rolling;  the  western  portion 
rather  level;  the  northern  somewhat  hilly,  while  the  central  is 
undulating.  Lying  as  it  does  south  of  the  drift  area  of  the  State, 
the  inequalities  of  the  surface  have  never  been  leveled  or  filled 
by  glacial  action,  and  are  therefore  the  mote  noticeable.  The  soU 
of  the  valley  and  more  level  portions  is  quite  fertile,  but  that  of 
the  uplands,  especially  in  the  eastern  and  northern  townships,  is 
thin  and  poor. 

The  West  Fork  of  White  Eiver  forms  the  boundary  at  the 
northwestern  corner  of  the  county  and  receives  therefrom  as  its 
largest  tributary.  Bean  Blossom  Creek,  which,  with  its  branches, 
drains  the  northern  haK.  Salt  Creek  enters  on  the  eastern  boun- 
•  dary  near  its  center  and,  flowing  southwest  to  near  the  center  of 
the  southern  boundary,  drains  the  southeastern  fourth.  Clear 
Creek,  rising  near  the  center,  flows  south,  then  southeast,  into  Salt 
Creek,  and  drains  the  greater  part  of  the  southwestern  portion. 

Up  to  the  present  the  transportation  facilities  of  the  county 
have  been  poor,  the  only  raUway  entering  its  bounds  b^ing  the 
,  C,  I.  &  L.  (Monon),  which  crosses  it  in  a  northwest-southeasterly 
direction.  Numerous  spurs  of  this  road  have  been  constructed 
to  the  leading  quarries,  and  so  have  made  available  portions  of  the 
county  not  touched  by  the  main  line.  The  Indianapolis  Southern 
Division  of  the  Illinois  Central,  now  in  course  of  construction, 
will  cross  the  county  from  northeast  to  southwest  near  its  center, 
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while  the  Indianapolis  &  Martinsville  Eapid  Transit  Co.  will  soon 
extend  its  electric  line  from  Martinsville  to  Bloomington,  thus 
putting  that  city  in  direct  communication  with  Indianapolis  by 
both  steam  and  electric  power. 

The  deposits  of  available  commercial  clays  in  Monroe  County 
have,  up  to  the  present,  been  few.  With  the  completion  of  the 
Indianapolis  Southern  a  number  of  Knobstone  shale  deposits  in 
the  northeastern  part  will  become  easy  of  access.  One  of  the 
best  of  these  is  that  on  the  land  of  James  McLary,  close  to  the 
MonroehBrown  line,  in  the  northeast  quarter  of  section  2  (9  N., 
1  E.).  The  grade  of  the  railway  here  passes  through  a  cut  made 
in  the  slope  of  a  hill,  the  cut  being  several  hundred  feet  in  length 
and  30  feet  deep.  The  shale,  exposed  to  the  full  depth  of  the  cut, 
is  a  soft,  gray,  unctuous  material,  wholly  free  from  grit,  and  re- 
sembling closely  in  appearance  the  better  grade  of  the  Coal  Meas- 
ure shales,  40  miles  to  the  west.  In  September,  1904,  less  than 
a  year  after  being  exposed,  the  sides  of  the  cut  had  everywhere 
weathered  into  small,  quadrangular  pieces,  which  indicates  that 
the  shale  can  be  easily  ground  and  the  resulting  clay  worked  into 
any  desired  shape.  An  analysis  of  samples  of  this  shale  showed 
its  constituents  to  be  as  follow : 

Analysis  of  Knobstone  Shale  from  Land  of  Jo*,  McLary. 

Silica  (SiO,)    58.22 

Titanium  oxide  (TiO.) 1.15 

Alumina   (A1,0,) 19.63 

Water  combined  6.61 

Clay  base  and  sand 85.61 

Ferric  oxide  (Fe,0,) 5.88 

Calcium  oxide  (CaOa) 1.95 

Magnesia  (MgO) 2.10 

Soda  (Na^O)   68 

Potash  (K,0)   3.93 

Fluxes 14.54 

Total 100.15 

The  analysis  shows  the  shale  to  be  suitable  for  the  clay  ingre- 
dient of  Portland  cement.  It  can  also  be  burned  into  paving 
brick,  sewer  pipe  and  hollow  vitrified  products  of  many  kinds. 
Ordinary  or  dry  pressed  front  brick  can  also  be  made  from  it. 
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In  color  it  will  probably  burn  to  a  dark  cherry  red.  With  an 
abundance  of  Oolitic  and  Mitchell  limestone,  suitable  in  every  way 
as  the  carbonate  of  lime  ingredient  of  Portland  cement,  in  the 
immediate  vicinity  of  Bloomington,  a  large  factory  for  the  making 
of  such  cement  should  be  there  erected  and  the  clay  secured  from 
the  McLary  deposit.  The  haulage  distance  would  be  less  than 
that  for  the  shale  used  at  the  Lehigh  factory  at  Mitchell.  Other 
tracts  underlain  by  similar  shale  doubtless  occur  along  the  Indian- 
apolis Southern  in  northeastern  Monroe,  but  time  did  not  permit 
their  investigation. 

Nearer  Bloomington,  toward  their  western  horizon,  the  Knob 
shales  are  more  siliceous,  and  suitable  only  for  making  ordinary 
pressed  front  or  vitrified  brick.  Samples  from  one  of  these  out- 
crops, located  two  miles  northeast  of  Bloomington,  in  the  north- 
east quarter  of  section  27  (9  N.,  1  W.),  were  analyzed  by  Dr. 
Noyes  and  their  composition  found  to  be : 

Analysis  of  Knobstone  Shale  from  a  point  two  miles  northeast  of  Bloomington. 

Silica  (SIOJ    74>43 

Alumina  (A1,0,) 6.88 

Water  combined 2.24 

Clay  base  and  sand •. 83.55 

Ferric  oxide  (Fe,0,) ., 6.52 

Ferrous  oxide  (FeO) 2.10 

Lime  (CaO) 1.32 

Magnesia  (MgO)  1.3(5 

Potash  (K,0)   2.40 

Soda  (Na,0) 1.86 

Fluxes  15.50 

Carbon  dioxide  (COj) .75 

Total 99.86 

The  high  percentage  of  silica  in  this  shale  precludes  its  use  for 
Portland  cement  making.  Sample  pressed  front  brick  of  good 
quality  have  been  made  from  the  exposure. 

The  surface  clays  of  Monroe  are,  most  of  them,  residual  clays, 
t.  6.,  have  been  formed  where  they  now  lie  by  the  partial  decom- 
position and  weathering  of  the  underlying  surface  rocks.  They 
range  in  thickness  from  one  up  to  12  or  15  feet.  That  fo\md  above 
the  Harrodsburg  and  Oolitic  limestones  is  usually  a  dark  red 
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in  color,  while  that  above  the  Mitchell  limestone  is  grayish  to 
brownish  yellow.  Analyses  of  three  of  these  clays-^—No.  1,  a  i^ 
clay  from  an  excavation  for  the  students'  building  at  Indiana 
University  campus;  No.  2,  a  similar  clay  from  above  the  Oolitic 
limestone  of  the  National  Stone  Company's  quarry,  southwest 
quarter  of  section  33  (8  N.,  1  W.),  four  miles  south  of  Bloom- 
ington,  and  No.  3,  from  above  the  Mitchell  limestone,  nine  miles 
south  of  Bloomington — ^were  made;  the  first  by  L.  M.  Kibler,  a 
student  in  the  chemical  department  of  Indiana  University,  and 
Nos.  2  and  3  by  Dr.  Noyes,  and  their  chemical  composition  found 
to  be  as  follows : 

Analyses  of  Surface  Clays  from  Monroe  County. 

^'o.  1.  N/>.  2.  No,  3. 

Silica  (SiO,)    67.15  72.56  79.99 

Titanium  oxide  (TIO,) .31  

Alumina  (Al^O,) 13.96  10.44  8.66 

Water  combined  3.25  4.54  3.55 

Clay  base  and  sand 84.36  87,«5  92.20 

Ferric  oxide  (FCaO,) 6.84  7.45              

Ferrous  oxide  (FeO) .43  3.31 

Lime  (CaO) 1.23  .82  .57 

Magnesia  (MgO) 54  1.09  .77 

Potash  (K,0)   1.18  2.05  1.93 

Soda  (Na,0)   3.33  .73  .83 

Fluxes  13.12  12.57  7.41 

Carbon  dioxide  (COn) ........  ....  ....  .33 

Moisture 3.00 


•  •   • 


'lotal    100.48  100.42  99.94 

All  of  these  clays  are  too  high  in  silica  for  Portland  cement 
making  and  contain  too  high  a  percentage  of  fluxes  in  proportion 
to  their  alumina  for  vitrified  products.  They  can  be  made  into 
ordinary  brick  and  drain  tile.  The  deposit  from  which  No.  2 
was  obtained  is  on  a  spur  of  the  Monon  Kailway,  and  the  clay 
runs  four  to  five  feet  in  thickness. 

Samples  of  surface  clay  from  the  lands  of  O.  M.  Fulwider: 
No.  1  from  a  tract  nine  miles  southwest  of  Bloomington,  north- 
east quarter  of  section  11  (7  N.,  2  W.),  and  No.  2  from  another 
tract  five  and  a  half  miles  south  of  Bloomington,  southwest  quar- 
ter section  32  (8  N.,  1  W.),  have  been  partially  analyzed  by  Dr. 
Lyons,  and  the  following  constituents  found  to  be  present : 


» 
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ParHdl  AndlyBe8  of  Svrface  Clays  from  Lands  of  0.  M,  FrUvnder, 

No.l.  No.  2. 

Silica  (SiO^ 69.65  59.23 

Alumina  (A1,0,) 14.92  18.45 

Ferric  oxide  (PeaOJ 5.59  8.77 

Titanium  oxide  (TiO^ 77  .78 

]>088  on  Ignition 4.70  .     8.50 

The  analyses  show  No.  1  clay  to  be  too  high  in  silica  and  No. 
2  too  high  in  iron  oxide  to  serve  as  the  clay  ingredient  of  Port- 
land cement.  Similar  clays  have  been  tried  at  the  U.  S.  Port- 
land Cement  Plant  at  Bedford,  and  have  failed  to  give  satisfac- 
tion. Their  composition  is  not  sufficiently  uniform  and  there  is 
trouble  in  drying  and  grinding  them.  The  limestone  beneath 
these  clays  on  the  Fulwider  land  ran  respectively  97.84  and  98.88 
per  cent,  carbonate  of  lime,  which  is  above  the  average  of  the 
Oolitic  stone.  They  will  be  found  in  every  way  suitable  as  the 
carbonate  of  lime  ingredient  of  Portland  cement,  but  the  clay 
would  have  to  be  obtained  elsewhere. 

The  only  clay  industry  at  present  operating  in  Monroe  County 
is  that  of  the  Dolan  Brick  and  Tile  Co.,  located  at  Dolan,  six 
miles  north  of  Bloomington.  The  raw  material  used  is  a  "soft 
soapstone  underlain  with  blue  sedimentary  clay."  The  output  is 
small,  being  reported  as  75,000  ordinary  brick,  2,500  rods  of  tile 
and  5,000  hollow  block  in  1904;  the  total  value  of  the  output 
being  $1,550. 

LAWRENCE  COUNTY. 

Lawrence  County  is  situated  in  the  southwestern  part  of  the 
State,  75  miles  southwest  of  Indianapolis;  It  lies  south  of  Mon- 
roe, west  of  Jackson  and  Washington,  north  of  Orange  and  east 
of  Martin  and  Greene  counties.  In  outline  it  is  nearly  square, 
being  22  miles  in  width  from  east  to  west  and  21  miles  in  length ; 
its  area  being  454  square  miles. 

The  rocks  forming  the  surface  of  the  county  represent  six  geo- 
logical epochs.  The  Knobstone  covers  the  northern  half  of  the 
northeastern  fourth  and  a  narrow  strip  along  the  eastern  border. 
The  Harrodsburg  limestone  forms  the  greater  part  of  the  eastern 
half,  and  where  eroded  through  by  the  streams,  has  exposed  the 
underlying  Knobstone  in  a  number  of  the  valleys.  The  famous 
Bedford  Oolitic  limestone  covers  a  narrow  irregular  strip  just  to 

26— Ge)>loff7. 
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the  west  of  the  Harrodsburg.  The  Mitchell  limestone  occurs 
over  the  surface  of  a  strip  three  to  nine  miles  in  width  extending 
from  northwest  to  southeast,  just  west  of  the  center,  the  wider 
portion  being  in  the  area  south  of  White  River.  The  Huron 
gruop  covers  large  areas  in  the  northwestern  and  southwestern 
portions,  while  the  Mansfield  sandstone  forms  the  surface  of  some 
of  the  higher  elevations  in  the  extreme  southwestern  corner. 

On  account  of  the  presence  of  so  many  rock  formations,  the 
surface  of  the  county  is  exceedingly  diversified.  "The  eastern 
and  northeastern  parts  are  undulating  or  gently  rolling  plateaus 
drained  by  deep  narrow  valleys,  the  central  region  north  of  White 
River  is  hilly,  and  the  western  and  southwestern  is  rough  and 
broken.  Each  of  these  divisions  is  covered  with  a  soil  almost 
wholly  formed  from  the  decomposition  of  underlying  rocks;  we 
consequently  find  the  soil  in  the  first  tenacious  clay  and  sand; 
of  the  second,  a  calcareous  clay,  and  of  the  third  principally  sili- 
ceous material,  with  an  intermixture  from  both  of  the  others. 
In  that  part  of  the  county  underlain  by  the  Oolitic  and  the  Mit- 
chell limestones,  comprising  a  broad  belt  about  12  miles  wide, 
passing  centrally  from  northwest  to  southeast,  'sink  holes'  are 
so  numerous  as  to  form  a  striking  feature  in  the  configuration  of 
the  surface." 

The  East  Fork  of  White  River  which,  with  its  tributaries 
drains  the  entire  county,  crosses  the  county  from  east  to  west 
in  a  very  meandering  course  a  little  south  of  the  center.  It  is 
a  broad  clear  stream,  as  large  as  the  Wabash  at  Lafayette,  and 
flowing  with  a  rapid  strong  current.  From  the  north  it  receives 
Indian,  Salt,  Leatherwood  and  Guthrie  creeks,  while  from  the 
south  enter  Sugar,  Fishing  and  Beaver  creeks. 

The  transportation  facilities  of  the  county  are  excellent.  The 
C,  I.  &  L.  (Monon)  bisects  it  from  north  to  south,  while  its  Bed- 
ford and  Bloomfield  Branch  runs  northwest  from  the  former 
town.  The  Southern  Indiana  enters  the  county  on  its  western 
border  south  of  the  center  and,  running  northeasterly,  leaves  near 
the  northeastern  corner.  The  B.  &  O.  S.  W.  crosses  the  southern 
third  from  east  to  west  and  sends  a  spur  from  near  the  southeast- 
em  comer  to  Bedford.  All  these  roads  are  connected  by  a  belt 
line  at  Bedford,  which  permeates  the  famous  Oolitic  stone  dis- 
trict northwest  of  the  town. 
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Lawrence  County  possesses  a  number  of  excellent  clay  deposits. 
The  Knobstone  shales  in  the  northeastern  part  run  from  one  to 
250  feet  in  thickness.  Some  of  the  main  exposures  are  along 
the  line  of  the  S.  I.  Railway  in  the  vicinity  of  Heltonville.  In 
the  bluffs  of  Leatherwood  Creek,  one  and  a  half  miles  southwest 
of  Heltonville,  the  shale  is  exposed  30  or  more  feet  in  thickness 
within  less  than  a  quarter  of  a  mile  of  the  railway.  Fine  expo- 
sures occur  just  south  of  Heltonville,  and  also  a  mile  west  of 
Zelma.  While  the  shale  in  most  of  these  exposures  will  prob- 
ably run  too  high  in  silica  for  Portland  cement  or  hollow  vitrified 
products,  there  is  little  doubt  but  that  it  can  be  made  into  ordi- 
nary, dry  pressed  or  vitrified  brick  of  good  quality. 

Analyses  of  samples  from  two  of  these  Knobstone  shales,  from  , 
the  land  of  W.  H.  Gregory,  southwest  of  Heltonville,  were  made 
for  Mr.  H.  H.  Walls,  of  Bedford,  and  their  composition  found  to 
be  as.  follows : 

Analyses  of  Knobstone  Shales  from  near  Heltonville. 

No,  1.  No,  2. 

SUica   (SiO.) 74.07  68.90 

Alumina  (Al,OJ 13.14  17.20 

Water  combined 3.90  3.97 

Clay  base  and  sand r 91.11  90.07 

Ferric  oxide  (Fe,0,) 5.75  5.05 

Ferrous  oxide  (FeO) 95  1.05 

Lime  (CaO) 13  

Magnesia  (MgO) 1.95 

Potash  (K,0) 60  .85 

Soda  (Na,0)   1.20  1.00 

Fluxes 8.63  9.90 

Total 99.74  99.97 

The  analysis  shows  No.  1  too  high  in  silica  for  any  purpose 
but  brick-making.  No.  2  can  be  used  for  Portland  cement  and 
also  for  clay  wares.  Either  of  the  two  will  make  a  high  grade 
of  pressed  front  or  vitrified  street  brick.  The  stripping  above 
the  shale  is,  however,  quite  heavy,  running  eight  to  15  feet  in 
thickness. 

Partial  analyses  of  a  number  of  the  residual  surface  clays  over- 
lying the  Bedford  limestone  in  Lawrence  County  have  been  made 
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by  F.  E.  Walker,  chemist  of  the  TT.  S.  Cement  Co.,  of  Bedford. . 
The  results  of  eight  of  these  have  been  kindly  furnished  me  by 
Mr.  Walker,  as  follows: 

Partial  Analyses  of  Residual  Surface  Clays  from  Lawrence  County, 

No  1,     N:  ff.     No.  3,     No.  A.    No.  6 A,  No.  eB,      A.         B, 
Smoa(SiOj) 72.40    67.07    71.97    68.70    78.96    66.62    63.77    78.93 

Alnmina  (AljOa^.../ 20.20    17.14  f  20.17  M6.55/ 16.46  \  16.24    17.62jlS.93\ 
Ferric  oxide  (FesOa)  \  6.96  I  oomb  J    6.82  \  comb  J    7. 14      7.92  {  f 

Lime(CaO) 3.30      2.70      2.40      3.07        .38        .38      2.80    Tnoe 

Magnesia  (MgO)...       1.06        .91        .60        .31        .22        .67      1.09    Tract 

Lobs 7.60  6.78  7.66      7.24      6.72 

101.28  100.92    46.02    98.61  99.68 

All  of  these  clays  contain  flint  pebbles  and  considerable  quantity 
of  grit. 

The  most  noted  clay  in  Lawrence  County  is  the  kaolin  or 
Indianaite,  the  main  deposits  of  which  occur  in  sections  21  and 
22  (4  N.,  11  W.),  about  four  miles  northeast  of  Huron,  a  station 
on  the  B.  &  O.  S.  W.  near  the  southwestern  comer  of  the  county. 
This  kaolin  is  the  purest  form  of  clay  found  in  Indiana,  but  is 
almost  wholly  lacking  in  plasticity.  The  principal  deposits  be- 
long to  Dr.  J.  Gardner,  of  Bedford. 

These  deposits  were  first  brought  to  public  notice  by  State 
Geologist  E.  T.  Cox  in  the  report  of  this  Department  for  1874. 
Locally  the  outcropping  kaolin  had  been  previously  known  as 
mineral  tallow,  and  the  locality  as  Anderson's  "taller  bank." 
Some  workmen  in  the  sunnuer  of  1874,  while  digging  out  the 
underlying  iron  ore  for  the  blast  furnace  at  Shoals,  laid  bare  the 
full  thickness  of  the  stratum  of  kaolin,  and  the  attention  of  Mr. 
Cox  was  called  to  it.  Dr.  Gardner  became  interested  and  pur- 
chased the  land,  and  extensive  tests  and  analyses  were  made 
which  proved  the  great  purity  and  value  of  the  clay.  For  some 
years  it  was  mined  and  sold  to  Tempest,  Brockman  &  Co.,  of 
Cincinnati,  who  used  it  as  one  of  the  principal  constituents  in 
the  making  of  a  white  porcelain  ware  of  excellent  grade.  Later 
the  land  was  sold  to  the  Pennsylvania  Salt  Company,  of  Phila- 
delphia. This  company  for  ten  years  mined  annually  an  average 
of  2,000  tons  of  the  kaolin.  This  was  shipped  to  Philadelphia 
where  each  ton  was  mixed  with  two  tons  of  dilute  sulphuric  acid, 
and  formed  three  tons  of  "alum  cake."     This  brings  from  $25 
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to  $35  a  ton^  and  is  sold  mainly  to  paper  manufactui'crs  as  a 
sizing  for  the  better  grades  of  wall  and  writing  paper.  The 
deposits  are  four  miles  from  the  B.  &  O.  S.  W.  Railway,  neces- 
sitating the  hauling  of  the  clay  that  distance  over  a  rough  road. 
The  Salt  Company  finally  began  to  make  alum  salt  from  a  de- 
posit of  cryolite  which  could  be  shipped  to  their  works  near 
Philadelphia  in  sailing  vessels  at  a  much  reduced  cost,  and  grad- 
ually abandoned  the  use  of  the  kaolin.  The  land  was  then  sold 
back  to  the  former  owner,  Dr.  Gardner,  and  the  deposits  have 
not  been  worked  since  1891. 

A  partial  section  of  the  hill  in  which  the  best  exposures  of  the 
kaolin  occur  shows  as  follows: 

Section  of  HUl  Northeast  of  Huron,  Containing  Ixirge  Deposits  of  Kaolin, 

Fket.         Inchet. 

1.  Sou  and  clay 3  0 

2.  Mansfield  sandstone 100  0 

3.  Kaolin— replacing  coal  1 6  0 

4.  Iron  ore— limonite > 2  0 

5.  Shale,  marly  and  siliceous 5  0 

6.  Huron  sandstone   50  0 

7.  Huron  limestone : 17  0 

In  the  working  of  the  deposits  in  the  past,  three  slope  shafts, 
each  several  hundred  yards  in  length,  have  been  put  back  into 
the  hills  in  which  the  kaolin  is  found.  The  stratum  of  kaolin 
has  a  maximum  thickness  of  11  feet,  and  a  minimum  of  four, 
the  average  being  five  and  a  half  to  six  feet  in  the  area  worked 
over.  It  lies  in  a  horizontal  stratum  like  a  vein  of  coal,  and  is 
mined  in  much  the  same  manner,  though  with  much  less  blast- 
ing. The  overlying  sandstone  varies  much  in  character.  In  some 
places  it  is  a  true  conglomerate,  containing  many  small  quartzose 
and  other  pebbles,  cemented  together  with  a  material  which,  ac- 
cording to  Dr.  Noyes,  contains  considerable  amounts  of  alumina. 
In  others  it  is  the  fine  grained,  pinkish  brown,  shelly  sandstone, 
already  noted,  as  forming  the  roof  over  similar  deposits  at  Dover 
Hill,  Martin  County.  In  places  there  are  narrow  cracks  or  crev- 
ices, extending  a  foot  or  more  into  the  roof,  which  are  filled  with 
the  kaolin.  Again,  small  irregular  masses  of  the  kaolin  are 
found,  as  a  part  of  the  conglomerate,  at  a  height  of  six  or  eight 
feet  above  the  main  stratum. 
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In  many  places  at  the  upper  portion  of  the  bed  of  kaolin,  and 
lying  immediately  in  contact  with  the  roof,  are  masses  of  the 
semi-transparent,  light  green  mineral*  known  as  allophane,  in 
which  the  percentage  of  alumina  and  water  are  the  same,  and 
double  that  of  the  silica,  as  follows : 

Water 40  per  cent 

Alumina 40  per  cent 

Silica  20  per  cent 

On  exposure  to  the  air,  the  water  of  crystallization  shortly 
passes  off  and  the  mineral  effloresces  into  a  white  powder,  made 
up  of  particles  resembling,  in  a  general  way,  those  of  coarse  corn 
meal. 

The  upper  half  of  the  kaolin  stratum  is  mainly  composed  of  a 
massive,  snow-white  clay,  which  has  a  smooth,  unctuous  feel. 
Associated  with  this,  especially  near  its  top,  are  occasional  con- 
cretionary or  nodular  masses,  often  a  foot  or  more  in  diameter 
which,  when  broken,  show  a  light  blue,  lamellar  center.  Both 
of  these  forms  disintegrate,  on  exposure  to  the  air,  into  a  rather 
coarse  grained  white  powder. 

The  lower  half  of  the  stratum  of  kaolin  in  the  Huron  mines 
varies  in  color  from  a  pale  buff  to  a  rich  deep  brown.  This  is 
due  to  its  being  stained  with  the  oxides  of  iron  and  possibly  those 
of  manganese  and  cobalt.  Such  a  clay,  while  unfit  for  porcelain 
ware  can,  however,  be  used  in  the  making  of  certain  grades  of 
"alum  salt,^^  and  for  this  purpose  much  of  it  has  been  utilized 
in  the  past 

An  analysis  of  an  average  sample  of  the  massive  white  variety 
made  by  Dr.  Noyes*  shows  the  following  res\ilt: 

Analym  of  Kaolin  from  Land  of  Dr,  J.  Gardner,  near  Huron,  Lawrence  County, 

Silica  (SIOJ   44.75 

Alumina  (A1,0J 38.69 

Water  combined  15.17 

Clay  base 98.61 

*The  mineral  contains  no  titaniam  and  less  than  one  per  cent,  of  it  is  insoluble,  on 
treatment  with  snlphuric  acid  and  sodium  carbonate.  It  is  a  very  nearly  pure  kaolin,  for 
which  the  theoretical  composition  would  be,  from  the  formula,  AU  Sis  Or  +  2Hs  0,  the  com- 
position being  as  follows: 

Silica 46.51  per  cent. 

Alumina 39.53       " 

WaUr 13.96       *' 

W.  A.  Noyes. 
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Ferric  oxide  (FejO,) 95 

Lime  (CaO) 37 

Magnesia  (MgO)   30 

Potash  (K,0)   12 

Soda  (Na,0)   23 

Fluxes  1.97 

Total 100.58 

The  sum  total  of  the  impurities  is  thus  seen  to  be  less  than  two 
per  cent.  The  quantity  of  iron  is  so  small  as  to  have  no  effect 
upon  the  color  of  the  burned  ware,  which  is,  if  anything,  whiter 
than  the  clay  itself. 

Like  many  similar  kaolins,  this  is  practically  non-plastic;  but 
by  grinding  very  fine  and  then  kneading,  it  can  be  made  to  as- 
sume a  certain  degree  of  plasticity.  According  to  Dr.  Gardner, 
it  is  somewhat  remarkable  for  the  weakness  of  affinity  existing 
between  its  silica  and  alumina.  It  will  give  up  its  alumina  to 
acids  or  its  silica  to  alkalies  with  great  freedom  until  after  it 
has  been  heated  to  redness  and  the  chemically  combined  water 
is  driven  off,  when  it  acts  the  same  as  other  clays.  On  account 
of  this  weakness  of  affinity  it  is  well  suited  for  the  making  of 
such  chemical  compounds  as  the  alum  salts. 

The  refractory  properties  of  this  clay  are  of  the  highest,  as 
its  composition  shows.  Mixed  with  a  small  percentage  of  a  more 
plastic  material,  as  one  of  the  purer  under-clay9  of  the  Coal 
Measures,  it  can  be  used  in  the  making  of  the  finer  grades  of 
retorts,  glass  pots,  glass  tanks,  saggars,  etc.  Ground  fine  with  a 
bond  clay  and  pressed  dry,  it  will  make  the  highest  grade  of  fire 
brick. 

The  best  flint  clays  of  Ohio  and  Kentucky  from  which  the  high 
grade  refractory  products  of  those  states  are  made,  are,  like  the 
Lawrence  County  kaolin,  wholly  non-plastic,  and  have  to  be 
mixed  with  a  plastic  under-clay  before  they  can  be  burned  into 
fire  brick  and  similar  products.  Analyses  of  three  of  the  best 
known  flint  clays  of  Ohio  and  Kentucky  are  here  given  side  by 
side  with  that  of  the  Indiana  kaolin  in  order  to  show  their  close 
similarity  in  composition: 
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Analyses  of  Lawrence  (hunty  Kaolin  and  Ohio  and  Kentucky  Flint  Clays. 

Silica  (SiOi)   44.75  46.75  44.00  43.19 

Alumina   (Al,OJ    38.69  38.17  40.05  41.60 

Water  (combined) 15.17  14.03  14.23  13.48 

Clay  base 98.61  98.96  98.72  98.27 

Ferric  oxide  (Fe,Og) .95  .29  .80             

Lime  (CaO) 37  .57  .27  .15 

Magnesia  (MgO) 30  .12  trace  .06 

-      Potash  (K,0) 12  .07  trace  .95 

Soda  (Na^O) .23  trace  trace  trace 

Fluxing  impurities  . .     1.97  1.06  1.07  1.70 

-^^^BM^-^^^^^  SV^^^^^Mi^K^  ^^^^-^k^^VM^  ■      - 

Totals    100.58  100.00  99.99  99.97 

Of  these,  No.  I  is  the  Lawrence  County  kaolin ;  No.  II,  a  flint 
clay  from  Carter  County,  Kentucky;  No.  Ill,  the  Gaylord  flint 
clay  from  Scioto  County,  Ohio,  and  No.  IV,  the  Stone  City  flint 
clay  from  Stone  City,  Kentucky.  Nos.  II  and  III  are  used  by 
the  Portsmouth  Fire  Brick  Co.,  of  Portsmouth,  Ohio,  as  the 
main  body  mixture  for  their  noted  refractory  wares. 

Mr.  H.  A.  Treudley,  of  the  B.  &  O.  S.  W.,  has  recently  writ- 
ten me  that  "A  manufacturer  of  pottery  from  East  Liverpool, 
Ohio,  who  investigated  the  Huron  deposits,  stated  that  if  the 
kacJin  could  be  mined,  ground,  washed  and  delivered  in  East 
Liverpool  at  $12.00  per  ton,  the  43  different  firms  engaged  in 
the  manufacture  of  pottery  at  that  place  could  use  all  that  could 
be  gotten  out,  as  it  would,  in  many  instances,  supplant  the  clays 
that  are  being  shipped  from  England.  He  thinks  that  if  a  com- 
pany could  be  organized  to  work  this  clay  on  this  basis,  it  could 
be  made  a  very  profitable  industry." 

Kecent  experiments  have  proven  the  kaolin  suitable  for  making 
a  filler  for  furniture  and  buggies;  also  for  cosmetics  and  ultra- 
marine. Ground  fine,  with  a  little  sugar  and  flavoring,  it  will 
make  a  dentifrice  that,  for  cleansing  and  polishing  the  teeth,  can 
not  be  surpassed. 

Besides  the  deposits  whch  have  been  worked  on  the  Gardner 
lands  in  the  southeast  quarter  of  section  21,  thick  beds  of  the 
kaolin  occur  on  the  northeast  quarter  of  the  same  section;  on 
the  northwest  of  section  22  and  on  the  northeast  of  33;  all  in 
township  4  north,  2  west. 
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However^  thousands  of  tons  of  this  purest  of  clays  are  visible 
in  the  mines  which  have  been  already  of)ened.  The  stratum 
thickens  as  progress  is  made  farther  back  into  the  hills.  The 
deposit  is  not  a  local  one,  covering  a  few  rods  or  acres,  but  square 
miles,  as  evinced  by  outcrops  which  are  known.  There  is  enough 
in  sight  in  the  mines  at  this  one  deposit  to  last  an  average  fac- 
tory a  hundred  years,  and  not  one  one-thousandth  of  it  has  been 
exposed  to  view.  There  it  lies,  a  great  mineral  resource  of  un- 
told value,  unworked,  unutilized,  awaiting  only  the  coming  of 
energy  and  capital  to  make  it  up  into  many  kinds  of  products 
which  are  now  brought  into  our  State  from  distant  lands. 

ORANGE  COUNTY. 

Orange  County  occupies  a  place  in  the  second  tier  of  counties 
north  of  the  Ohio,  about  85  miles  southwest  of  Indianapolis. 
Lawrence  County  forms  its  northern  and  Crawford  its  southern 
boundary.  Washington  and  Crawford  bound  it  on  the  east  and 
Martin  and  Dubois  on  the  west.  The  county  is  square  in  outline, 
20  miles  in  length  by  20  in  breadth,  with  an  area  of  400  square 
miles. 

The  Mitchell  limestone  forms  the  surface  of  the  eastern  two- 
thirds  of  the  northern  half.  The  Huron  limestones  and  sand- 
stones cover  the  southern  third  and  part  of  the  northwestern 
fourth,  while  the  Mansfield  sandstone  occurs  on  the  higher  ridges 
in  the  southwestern  and  northwestern  portions. 

The  northeastern  part  of  the  county,  embraced  in  the  Mitchell 
limestone  area,  is  comparatively  level,  but  the  topography  is 
varied  by  the  numerous  sink  holes  and  basins,  characteristic  of 
that  formation.  The  southern,  central  and  especially  the  western 
parts  of  the  county  are  very  rugged  and  broken.  High  and  steep 
ridges, 'with  narrow  winding  valleys,  are  the  prevailing  surface 
features.  Mount  Arie,  near  West  Baden,  and  Burtin  Hill,  south- 
west of  French  Lick,  are  two  of  the  highest  points  in  this  region. 
Two  streams.  Lost  Kiver  and  Patoka  River,  with  their  tribu- 
taries, drain  the  county.  Their  general  course  is  from  east  to 
west,  but  very  meandering,  the  former  across  the  northern  and 
the  latter  across  the  southern  thirds. 

But  one  railway,  the  C,  I.  &  L,  (Monon),  enters  the  county. 
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The  main  line  of  this  road  cuts  across  the  northeastern  corner 
and  from  its  principal  station,  Orleans,  diverges  a  branch  line  to 
Paoli,  the  county  seat,  and  the  famous  West  Baden  and  French 
Lick  springs  in  the  central  and  western  portions. 

The  available  commercial  clay  deposits  of  the  county  are  few 
in  number.  Lying  as  it  does  between  the  Knobstone  and  Coal 
Measure  areas,  the  shales  of  those  formations  are  wholly  lacking. 
A  number  of  outcrops  of  under-clay  of  coal  I  occur,  but  they 
are  all  distant  from  railways. 

At  Braxton's  whetstone  quarry,  in  the  southeast  quarter  of 
section  31  (2  N.,  2  W.),  the  following  connected  section  was 
obtained  by  Dr.  E.  M.  Kindle: 

Section  at  Bi'uxton^H  Quarry, 

Feet.         Inches. 

1.  Covered 20  0 

2.  Bluish  gray  sandy  slial?,  with  sandstone 3  0 

3.  uoal  la 2  8 

4.  Sandy  shale  3  0 

5.  Covered  20  0 

6.  Soft  gray  clay  shale 6  0 

7.  Whetstone  strata  14  0 

8.  Shale 7  0 

9.  Whetstone 2  6 

10.  Coal  I 1  2 

11.  Under-clay    8  0 

Of  these,  Nos.  6,  8  and  11  could  be  burned  into  a  number  of 
different  kinds  of  clay  products. 

At  Nation's  coal  bank,  near  the  northeast  corner  of  the  county, 
northwest  quarter  of  section  29  (3  N.,  2  W.),  coal  I,  20  inches 
thick,  overlies  two  and  a  half  feet  of  a  good  quality  of  light 
gray,  unctuous  under-clay.  The  roof  above  the  coal  is  a  drab 
colored  elay  shale,  six  feet  in  thickness,  also  of  fair  workable 
quality.  About  three-quarters  of  a  mile  northeast,  at  the  Will- 
iam TuUiver  bank,  southeast  quarter  of  section  20  (3  N.,  2  W.), 
the  roof  is  a  gray  sandy  shale,  three  feet  thick,  while  the  under- 
clay  runs  about  as  at  Nation's. 

At  the  T.  V.  Nelson  bank,  south  of  Lost  Kiver,  southwest  quar- 
t€i  of  section  32  (2  N.,  2  W.),  coal  la,  27  inches  thick,  is  under- 
lain with  18  inches  of  bone  coal,  the  latter  overlying  a  fair 
quality  of  under-clay  eight  to  10  feet  in  thickness.  Above  the 
worked  coal  is  a  thin  layer  of  blue  gray  sandy  shale. 
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Messrs.  Elrod  &  Mclntire,  in  their  report  on  the  Geology  of 
Orange  County,*  make  the  following  remarks  regarding  the  clays 
of  the  county: 

"A  fine  lacustral  clay  abounds  in  the  northeastern  part  of  the 
county,  which  has  been  manufactured  into  stoneware  of  a  very 
good  quality,  at  Lancaster,  on  the  L.,  N.  A.  &  C.  (Monon)  Kail- 
way.  It  could  be  worked  to  good  advantage  into  roofing  or  drain 
tilep.  We  find  kaolin  in  the  county,  but  as  yet  not  in  quantities 
to  render  it  of  any  commercial  valua  Samples  of  good  Indi- 
anaite  have  been  picked  up  on  the  land  of  Mr.  O.  Burnett,  sec- 
tion 20  (S.N.,  1  W.).  A  three  foot  stratum  of  a  very  fine  yellow 
ochre  is  exposed  on  the  land  of  Mr.  Freeman,  section  7  (1  N., 
2  W.)." 

The  late  Hon.  Amos  Stout,  of  Paoli,  at  one  time  sent  in  to 
this  office  small  pieces  of  kaolin,  of  which  he  wrote:  "I  am 
informed  that  there  is  quite  a  vein  of  it  extending  entirejy 
through  a  very  large  hill  about  three  miles  southeast  of  French 
Lick,  in  sections  13  and  14  (1  N.,  2  W.).  The  party  who  brought 
in  the  samples  states  that  it  occurs  in  unlimited  quantities  in  that 
locality." 

No  clay  working  industry  of  any  kind  is  at  present  located  in 
Orange  County. 

HARRISON  AND  CRAWFORD  COUNTIES. 

These  two  counties  lie  side  by  side,  on  the  north  bank  of  the 
Ohio  Kiver,  in  the  southern  portion  of  the  State.  Thefrr  com- 
bined area  is  774  square  miles.  They  lie  south  of  Washington 
and  Orange,  west  of  Floyd  and  east  of  Dubois  and  Perry  coun- 
ties, and  are  separated  by  Blue  River. 

The  Mitchell  limestone  covers  the  greater  part  of  Harrison, 
while  the  Huron  group  and  the  Mansfield  sandstone  form  most 
of  the  surface  of  Crawford,  the  latter  being  confined  to  the  west- 
ern third.  A  few  of  the  higher  hills  ani  ridges  near  Taswell 
and  Eckerty  are  covered  w^ith  rocks  of  the  Coal  Measure  Epo<;h. 

The  surface  of  Harrison  County  is  considerably  diversified,  the 
valleys  along  the  rivfers  and  streams  being  chiefly  level  or  bottom 
lands,  while  the  hills  which  extend  along  the  Ohio  Eiver  often 
rise  to  the  height  of  200  or  300  feet,  presenting  picturesque  and 

*  Geol.  Sury.  of  Ind.,  1875,  p.  234. 


396  BBPOBT   OP   BTATB    GEOLOGIST. 

beautiful  scenery.  These  knobs,  together  with  the  higher  ridgee 
of  the  county  generally,  are  among  the  best  lands  for  fruit  rais- 
ing in  the  State. 

The  surface  of  Crawford  County  is  more  broken  and  hilly; 
a  long  chain  of  hills  from  250  to  480  feet  in  elevation,  present 
themselves  above  the  Ohio  and  Blue  rivers.  From  the  center, 
extending  toward  the  knob  range  south  and  east,  there  is  a  con- 
siderable stretch  of  comparatively  level  land.  The  soil  on  the 
riter  and  creek  bottoms  is  quite  fertile.  That  upon  the  uplands 
and  hilly  portions  of  the  county  is  well  adapted  to  fruit,  and  in- 
creased attention  is  being  given  to  horticulture. 

Both  counties  drain  directly  into  the  Ohio,  mainly  through 
Blue  River  and  its  tributaries.  Indian  and  Buck  creeks  in  Har^ 
risen,  and  Little  Blue  in  Crawford,  are  other  streams  flowing 
southwest  or  south  into  the  Ohio.  A  small  portion  of  northwest- 
ern Crawford  drains  into  the  Patoka. 

The  principal  railway  in  the  two  counties  is  the  St.  Louis  Divi- 
sion of  the  Southern,  which  crosses  the  northern  third  from  east 
to  west.  The  L.,  N.  A,  &  C,  a  short  spur  of  this  line,  but 
operated  independently,  runs  between  Corydon  Junction  and 
Corydon,  the  county  seat  of  Harrison.  The  Ohio  River  furnishes 
a  good  outlet  for  the  southern  portion  of  their  areas. 

The  Knobstone  shales  which  outcrop  in  eastern  Harrison  in 
a  narrow  strip  along  the  Ohio  River  front,  weather  in  many 
places  into  a  fine  plastic  clay,  which  can  be  made  into  vitrified, 
pressed  front  or  ordinary  brick.  The  river  would  furnish  excel- 
lent transportation  facilities  for  any  factory  which  might  be 
erected  for  their  utilization. 

Kaolin  occurs  in  connection  with  the  glass  sand  deposits  in  the 
eastern  part  of  the  county,  one  to  three  miles  back  from  the 
river.  The  best  known  deposits  are  in  the  northwest  quarter  of 
section  35  (4  S.,  5  E.),  two  miles  east  of  Elizabeth,  and  in  the 
south  haK  of  section  15  (5  S.,  5  E.);  two  miles  northeast  of  Buena 
Vista.  A  lack  of  time  prevented  me  from  visiting  these  deposits, 
and  so  I  quote  as  follows  from  Collett's  report  on  the  Geology 
of  Harrison  County.* 

"In  working  the  sand  banks,  pockets  and  beds  of  white  kaolin 
were  discovered.    The  sand  miners  were  not  searching  for  porce- 

*  Qeol.  Suit,  of  Ind.,  1878,  p.  416. 
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* 

lain  clay,  and  disregarded  the  'white  putty/  as  they  termed  it, 
from  its  plastic  nature.  Small"  fragments  were  seen  at  the  banks 
east  of  Elizabeth,  and  at  the  Peters  farm  near  Eversole  Cliff. 
These  were  pure  white  and  almost  entirely  free  from  iron.  Just 
east  of  the  last  point  an  immense  stratum  of  kaolin  was  noticed, 
more  than  50  acres  in  extent ;  the  bed  is  nearly  continuous,  and 
from  three  to  five  feet  thick.  At  the  exposed  point  it  varies 
in  color  from  ash  gray  to  pale  green,  pink,  red  and  dark  brown, 
the  first  colors  predominating.  A  sample  of  the  green  variety, 
analyzed  by  Dr.  Levette,  gave  the  following  result : 

Analysis  of  Kaolin  from  Harrison  County. 

Water  (H,0) 9.00 

Silica  (SiOJ  58.70 

Alumina  (AlaO.)  26.00 

Ferric  oxide  (Fe,Og) 5.50 

Magnesia  (MgO) 80 

Lime  (OaO) 

This  extensive  bed  will,  it  is  believed,  prove  of  value  for  mak- 
ing yellow  ware,  tiles,  water  tubes,  fire  brick,  ornamental  terra 
cotta  ware  and,  perhaps  of  more  importance,  as  an  addition  in 
manipulating  artificial  cement." 

The  only  clays  of  any  importance  in  Crawford  County  are  the 
underplays  and  shales  accompanying  coals  I  and  II  in  the  west- 
em  third.  Coel  II  is  confined  to  the  tops  of  the  dividing  ridges 
between  Taswell  and  English  and  between  Eckerty  and  Birdseye, 
along  which  the  Southern  Kailway  runs.  A  section  at  the  rail- 
way tunnel,  two  miles  east  of  Taswell  (southeast  quarter  of  sec- 
tion 21  (2  S.,  1  W.),  shows  the  presence  of  the  following  strata : 

Section  at  Tunnel  East  of  Tasivell, 

Feet.        Inches. 

1.  Surface  clay 6  0 

2.  Blue  clay  shale 5  0 

3.  Coal  II? 1  9 

4.  Blue  clay  shale 8  0 

5.  Coal  la?  r 1  6 

6.  Blue  clay  and  shale 5  0 

7.  Massive  sandstone 6  0 

8.  Blue  clay  shale 13  0 

The  greater  part  of  Nos.  2,  4,  6  and  8  could  be  used  for  clay 
products. 
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Beds  of  fair  under-clays  are  found  beneath  coal  II  at  Smith's 
bank,  northwest  quarter  of  31  (2  S.,  1  W.),  a  mile  and  a  half 
south  of  TasweU  and  at  the  mine  one  half  mile  southeast  of  Wick- 
liffe,  north  half  of  section  9  (2  S.,  2  W.). 

At  the  Gresham  place,  two  miles  southeast  of  Eckerty,  con- 
siderable coal  was  formerly  dug  for  blacksmithing.  The  coal  is 
in  two  layers,  14  and  eight  inches  in  thickness,  with  a  six  foot 
vein  of  soft  blue  under-clay  between  them. 

In  a  ravine  on  the  Adkins  land,  east  half  6i  section  16  (2  S., 
2  W.),  is  an  exposure  of  coal  la,  14  inches  thick,  with  three  feet 
four  inches  of  a  gray  sandy  under-clay  beneath.  The  latter  ap- 
pears well  suited  for  refractory  products. 

■ 

Just  north  of  the  water  tank  at  Eckerty,  is  an  exposure  of  a 
two  and  a  half  inch  vein  of  coal  which  overlies  four  feet  of  gray 
sandy  undeovclay,  which  might  be  worked  for  several  kinds  of 
clay  wares. 

There  is  not  a  clay  factory  of  any  kind  at  present  operating  in 
Harrison  or  Crawford  counties,  all  brick  and  otter  articles  of 
clay  being  imported. 
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III.     Counties  of  the  Devonian  Abea. 

As  already  noted,  the  rocks  of  the  Devonian  area  in  Indiana 
offer  little  or  nothing  in  the  way  of  raw  material  to  prospective 
clay  manufacturers.  Of  the  counties  mentioned*  as  having  part 
or  all  of  their  surface  in  that  area,  Jackson  has  been  already 
described,  since  most  of  its  area  is  covered  by  Knobstone ;  while 
Jasper  belongs  more  properly  to  the  deep  drift  covered  area  of 
northern  Indiana.  In  a  few  of  the  remaining  counties  are  de- 
posits of  the  Knobstone  shale,  but  otherwise,  ordinary  surface 
drift  or  alluvial  clays  form  the  only  clay  working  material.  For 
that  reason,  but  brief  mention  of  each  county  will  be  made. 

CLARK  COUNTY. 

This  county  lies  on  the  Ohio  Eiver,  east  of  Floyd  and  Wash- 
ington,  and  south  of  Scott  and  Jefferson  counties.  The  rocks 
forming  the  surface,  named  in  order  from  east  to  west,  are  the 
Lorraine  and  Richmond  Divisions  of  the  Lower  Silurian;  the 
Niagara  of  the  Upper  Silurian;  the  Jeffersonville  and  Sellers- 
burg  limestones  and  New  Albany  or  Genesee  shale  of  the  De- 
vonian, and  the  Knobstone  of  the  Lower  Carboniferous  Periods. 

The  Knobstone  covers  an  irregular  area  two  to  eight  miles  in 
width  along  the  western  and  especially  the  northwestern  border. 
The  J.,  M.  &  I.  Division  of  the  Pennsylvania  Bailway  runs  close 
to  numerous  outcrops  of  Knobstone  shales  between  Memphis  and 
Henryville,  and  between  the  latter  point  and  Underwood  the  road- 
bed, for  the  most  of  the  way,  is  underlain  with  such  shales.  The 
C,  I.  &  L.  (Monon)  also  crosses  the  area  covered  by  these  shales 
between  St.  Joseph  and  Borden,  while  the  Louisville  Division 
of  the  B.  &  O.  S.  W.  touches  them  at  Otisco. 

These  Knobstone  shales  are  the  soft  drab  to  grayish  blue, 
clayey  shales,  which  lie  at  the  base  or  along  the  eastern  horizon 
of  the  Knobstone  in  this  section  of  the  State.  They  weather 
readily  into  a  plastic  clay  which  can  lie  used  for  either  ordinary 
soft  mud  or  dry  pressed  brick,  or  for  stiff  mud  vitrified  paving 
brick.  The  more  plastic  deposits  can  also  be  burned  into  hollow 
block,  sewer  pipe,  etc. 

^Seep.  46. 
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The  Silver  Hills,  comprising  the  main  chain  of  "Knobs"  in  this 
region,  extend  in  an  unbroken  line  from  New  Albany  to  Borden. 
Some  of  the  best  exposmres  of  the  shales  are  just  northwest  of 
Memphis,  on  section  219,  Illinois  Grant,  and  along  Blue  lick 
and  Cany  Fork.  A  number  of  Knob  shale  outcrops  occur  on  the 
west  side  of  and  close  to  the  J.,  M.  &  I.  Railway,  between 
Memphis  and  Henryville,  which  could  be  utilized  for  many  kinds 
of  clay  products.  The  exposures  on  the  east  side  of  the  railway, 
between  the  points  mentioned  are  all  of  the  New  Albany  black 
shale,  and  are  worthless  for  clay  working  purposes.  Numerous 
other  outcrops  occur  in  the  regions  west  of  Henryville  and 
Memphis,  that  are  more  distant  from  railway  facilities. 

On  section  274,  Illinois  Grant,  three  and  a  half  miles  north- 
west of  Henryville,  there  is  a  20  foot  exposure  of  the  soft  gray- 
ish blue  shale,  with  six  bands  of  kidney  iron  ore,  three  to  edght 
inches  in  thickness,  at  intervals  of  two  to  four  feet. 

The  only  clay  working  industry  in  Clark  County  at  present  is 
that  of  the  Jeffersonville  Brick  Co.,  located  in  the  environs  of  the 
northwestern  part  of  that  city.  Ordinary  stiff  mud  building 
brick  are  made  from  a  deposit  of  clean,  tough  alluvial  clay,  from 
one  of  the  old  terraces  or  second  bottoms  of  the  Ohio.  The  clay 
runs  buff  to  gray  in  hue  and  contains  suflGicieint  iron  to  give  the 
brick  a  fine  red  color.  About  eight  feet  are  used,  after  stripping 
an  inch  or  two  of  soil.  The  output  in  1904  was  one  million,  which 
sold  at  $5.75  per  thousand  at  the  yard. 

An  alluvial  blue  clay  found  in  the  lowlands  near  Port  Fulton, 
just  above  Jeffersonville,  was  formerly  extensively  used  for 
stoneware,  such  as  crocks  and  jugs,  and  also  for  drain  tile. 

SCOTT  COUNTY. 

This  is  a  smaU  county  of  very  irregular  outUne,  lying  north  of 
Clark  and  west  of  Jefferson.  Its  area  is  213  square  miles.  The 
Jeffersonville  limestones  outcrop  along  the  streams  of  the  east- 
ern third,  but  the  New  Albany  black  shale  forms  the  greater 
part  of  the  surface  rocks  of  the  county.  The  southwestern  por- 
tion is  covered  by  the  Knobstone  of  the  Lower  Carboniferous,  at 
the  base  of  which  lie  thick  deposits  of  fine  gray  clay  shales,  suit- 
able for  clay  working  purposes. 
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Between  Underwood  and  a  point  a  mile  north  of  Vienna,  an. 
the  J.y  M.  &  I.  Railwajy  the  shales  outcrop  in  various  places. 
Some  high  knobs  occur  about  one  mile  southwest  of  Underwood, 
the  lower  portions  of  which  are  composed  of  .this  shale.  The 
same  shale  outcrops  along  Big  Creek,  from  a  point  two  milee 
west  of  Austin  to  where  the  stream  crosses  the  Jackson  county 
line.  Southwest  of  Vienna  the  shale  is  expoBed  at  numerous 
places  on  Big  Ox  Creek  and  its  tributaries.  Almost  any  of  these 
exposures  can  be  used  in  the  making  of  soft  mud  or  dry  pressed 
building  brick  or  vitrified  street  brick  of  high  grade. 

Three  or  four  factories  making  ordinary  brick  and  drain  tile 
from  surface  clays  are  in  operation  at  Scottsburg,  the  county 
seat.*  The  clay  is  used  to  a  depth  of  three  feet  after  stripping 
six  to  eight  inches  of  soil. 

JE^NNINGS  COUNTY. 

This  coimty,  comprising  380  square  miles,  lies  nOrth  of  Scott 
and  Jefferson,  and  east  of  Jackson  and  Bartholomew  coimties. 
The  east  and  west  sides  of  the  county  are  nearly  parallel,  but  the 
north  and  south  borders  are  very  irregular.  The  surface  rocks 
represent  the  Niagara  Epoch  of  the  Upper  Silurian;  and  the 
Jeffersonville  Limestone  and  New  Albany  Black  shale  of  the 
Devonian  Periods.  No  one  of  these  comprises  any  clay  working 
material,  so  that  alluvial  and  drift  clays  for  ordinary  brick  and 
drain  tile  are  the  only  forms  found  in  the  county.  The  follow- 
ing section  of  a  well  near  Paris  Crossing  will  show  the  relation 
of  the  beds  of  surface  clay : 

Section  of  Well  near  Pcait  Croseing, 

1.  Light  colored  clay,  witb  deeper  shades  below 10  0 

2.  Ochre  colored  clay  with  flint  pebbles,  increasing 

in  hardness  toward  the  bottom 10  0 

3.  Very  hard  bed  clay  and  gravel  (hard  pan) 3  0 

4.  Blue  drift  clay,  very  sandy,  with  organic  remains.  10  0 

The  clay  lands  of  the  "flats"  which  form  the  water-sheds  be- 
tween all  the  streams,  are  of  the  Champlain  period,  and  contain 
vegetable  material  which  was  borne  down  from  the  higher  lands 
and  deposited  far  above  the  flood  tides  of  the  streams  of  the 

*B—  statiftiMl  tabu  »t  tad  of  p»»«r. 
IS— €Uol«fy. 


402  REPORT  OF  STATE  GEOLOGIST. 

present  age.  There  are  deposits  of  blue  clay  in  the  lower  parts 
of  these  beds,  often  but  two  or  three  feet  from  the  surface,  well 
suited  to  the  manufacture  of  drain  tile. 

Two  factories  at  North  Vernon*  make  ordinary  brick  from 
an  ocherous  yellow  clay,  using  from  two  to  three  feet  after  strip- 
ping a  few  inches  of  soil.  The  output  of  both  yards  in  1904 
was  950,000  brick,  which  brought  $5.00  to  $5.50  per  thousand. 
Drain  tile  were  made  near  the  same  town  for  a  number  of  years 
previous  to  1902,  but  as  most  of  the  wet  land  of  the  county  has 
been  drained,  the  enterprise  was  abandoned. 

BARTHOLOMEW  COUNTY. 

This  county,  comprising  an  area  of  400  square  miles,  is  situ- 
ated southeast  of  Indianapolis  about  40  miles.  It  lies  north  of 
Jackson  and  Jennings,  east  of  Brown,  south  of  Johnson  and 
Shelby  and  west  of  Decatur  and  Jennings  counties.  The  surface 
rocks  of  the  county,  underlying  the  drift  and  exposed  in  many 
places  along  the  streams,  are  the  Jeffersonville  Limestone  and 
New  Albany  shale  of  the  Devonian  and  the  Knobstone  of  the 
Lower  Carboniferous  Periods.  In  addition  to  these,  the  Niagara 
limestone  is  exposed  along  Clifty  Creek,  near  Hartsville.  The 
Jeffersonville  limestone  occurs  in  a  strip  one  to  six  miles  in 
width  along  the  eastern  edge  of  the  county.  The  New  Albany 
shale  covers  more  than  half  the  entire  area  occupying  a  broad 
strip  through  the  center.  The  Knobstone  covers  the  greater  part 
of  the  western  third.  On  account  of  the  broken  nature  of  this 
region,  it  is  locally  known  as  the  "Brown  County  edge  of  Bar- 
tholomew." Dr.  M.  N.  Elrod  has  given  the  following  connected 
section  of  the  rocks  of  the  Knobstone  Epoch  as  represented  in 
the  county  :f 

Sectmi  of  Knobstone  Group  or  Epoch  in  Bartholomew  County, 

Feet. 

1.  Sandstone,  coarse  textured  with  bands  of  iron  ore  and 

shale  partings  95 

2.  Sandstone,  even  bedded,  light  colored  quari-y  stone 40 

3.  Shale  and  sandstone  in  thin  beds 50 

4.  Shale  and  iron  ore 90 

5.  Blue  aluminous  shale  and  calcareous  goniatite  bed 85 

^8«e  itatistical  table  at  end  of  paper. 

t**OeoloKy  of  Bartholomew  Couaiy,''  in  Eleventh  Ann.  Rep.  Dep.  Geol.  and  Nat.  Hist, 
of  Ind.,  1881,  p.  174. 
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Of  tho  shale  No.  6  of  the  section  Dr.  Ekod  wrote :  "The  blue 
aluminous  shale,  the  equivalent  of  the  New  Providence  shale  of 
Prof.  Borden,  has  a  thickness  ranging  from  25  to  85  feet.  It  is 
locally  known  as  a  soapstone,  and  in  structure  is  tolerably  uni- 
form, with  a  tendency  to  become  ferruginous  near  the  base.  In 
places  it  resists  the  action  of  the  atmosphere  and  water  better 
than  the  higher  drab  colored  shales.  Where  weathered  it  forms 
a  blue  plastic  clay,  and  cold  subsoil." 

These  lower  Knobstone  shales  as  a  rule  run  higher  in  silica 
than  in  tlie  region  to  the  south,  and  will  be  found  suitable  only 
for  building  brick,  either  soft  mud  or  dry  pressed,  or  vitrified 
street  brick.  All  the  exposures  of  these  shales  are  several  miles 
west  of  the  J.,  M.  &  I.,  the  closest  railway,  and  therefore  not 
very  available. 

At  Noble  Hill,  Jackson  Township,  the  blue  shale,  No.  6,  is 
exposed  to  a  thickness  of  20  feet,  with  40  feet  of  soil  and  covered 
space  above. 

At  Taylor  Hill,  Harrison  Township,  six  miles  southwest  of 
Columbus,  the  exposure  of  blue  shale  is  85  feet  thick,  and  is 
directly  overlain  with  90  feet  of  iron  ore,  shale  and  sandstone 
(No.  4  of  the  connected  section).  At  the  old  Grass  quarry,  in 
the  northeast  quarter  of  section  24  (9  N.,  4  E.),  five  miles  west 
of  Columbus,  the  exposure  of  blue  shale  is  47  feet  in  thickness, 
with  heavy  cover  above.  Many  other  outcrops  occur  in  the  Knob- 
stone  area  west  and  northwest  of  Columbus. 

Mr.  F.  M.  Stevens,  of  Columbus,  recently  sent  in  to  this  office 
samples  of  a  light  gray,  very  siliceous  clay,  and  also  the  same 
clay  staiped  yellow  with  iron  oxide.  The  white  clay  would,  from 
appearance,  run  high  enough  in  silica  to  bum  into  low  grade 
refractory  wares.  At  the  same  time,  its  percentage  of  clay  base 
is  sufficient  to  form  the  necessary  bond.  It  seems  remarkably 
pure  for  a  surface  clay,  to  be  found  in  the  region  from  which  it 
came,  which  was  a  point  three  miles  southwest  of  Columbus,  in 
section  33  (9  N.,  5  E.).  Here,  Mr.  Stevens  states,  it  is  found 
in  a  very  thick  bed  close  to  the  surface  over  an  area  of  one  and 
a  quarter  acres.  He  had  sample  brick  made  from  it  which  burned 
almost  white  in  color,  very  heavy  and  smooth,  and  without  any 
sign  of  shrinkage. 

Three  brick  and  four  tile  factories  operate  during  the  summer 
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season  in  Bartholomew  County,  all  using  the  surface  clays.  Two 
of  these  are  located  at  or  near  Columbus,  the  largest  being  that 
of  F.  T.  Crump.  At  this  yard,  from  four  to  six  feet  of  surface 
clay  is  used  in  making  ordinary  brick.  At  two  yards  near  Hope> 
drain  tile  and  brick  are  made  from  surface  clay  two  to  three  feet 
thick,  with  no  stripping.  At  Elizabethtown  a  "black  loam,''  four 
feet  thick,  is  used  in  making  drain  tile,  after  stripping  five  inches 
of  soil.  At  the  yard  of  Chas.  D.  Glick, "six  miles  southeast  of 
Columbus,  after  stripping  eight  inches  of  top  soil,  "three  feet  of 
clay  subsoil  free  from  sand  and  gravel,"  are  used  in  making  drain 
tile. 

SHELBY  COUNTY. 

This  county,  comprising  an  area  of  408  square  miles,  adjoins 
Marion  County  on  the  southeast.  It  lies  north  of  Bartholomew 
and  Decatur,  west  of  Rush  and  Decatur,  east  of  Johnson  and 
Marion  and  south  of  Hancock  counties. 

The  Niagara  Limestone  of  the  Upper  Silurian  outcrops  in 
numerous  places  along  Flat  Rock  and  Deer  creeks  in  the  south- 
eastern  comer  of  the  county,  but  nowhere  outside  of  their  im- 
mediate  valleys.  About  three-fourths  of  the  area  of  the  county, 
embracing  the  northern  half  and  southeaj3tern  fourth,  has  for  its 
surface  rocks  the  Jeffersonville  Limestone ;  while  over  the  south- 
western portion  occurs  the  New  Albany  or  Genesee  Shale.  Ex- 
cept along  the  streams,  all  rocks  are  covered  with  a  heavy  mantle 
of  drift. 

The  only  clays  of  the  county  are,  therefore,  of  alluvial  and 
drift  origin.  The  latter  occur  in  all  parts  of  the  county,  being 
generally  found  in  a  stratum  two  to  15  feet  in  thickness  beneath 
one  to  three  feet  of  soil.  Below  the  stratum  of  yellow  loamy 
clay  is  usually  one  of  sand  or  gravel.  The  following  section  of 
a  well  at  Manilla  will  serve  as  an  example  of  the  general  sequence 
of  the  surface  strata  in  Shelby  and  eastern  Rush  counties : 

Section  of  WeU  at  ManUla, 

Feat. 

1.  Sou    3 

2.  YeUow  loamy  clay 7 

3.  Loamy  sand 10 

4.  Boulder  drift  blue  clay 47 

5.  Fine  quicksand 3 

6.  Bnow  white  sand 1 

7.  Gravel  and  sand ,..,..,,,,,,, 2 
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At  Waldron  the  yellow  clay  is  four  feet  thick  beneath  a  simi- 
lar thickness  of  soil  aad  loam ;  at  Flat  Bock  it  is  10  to  15  feet  in 
thickness  beneath  three  feet  of  loamy  soil.  On  the  farm  of  J. 
M.  Collins,  one  mile  west  of  Mt.  Auburn,  the  yellow  clay  is  six 
feet  thick.  At  Shelbyville  it  is  replaced  by  an  aUuvial  soil  eight 
feet  thick,  which  lies  directly  above  a  bed  of  gravel. 

An  exposure  on  Blue  River,  seven  miles  northeast  of  Shelby- 
ville, gives  the  following: 

Section  of  Bluff  on  the  BUlman  Farm* 

Fmt, 

1,  Sou 8 

2.  Yellow  fluviatile  clay 15 

8.  ^  Olacial  blue  clay,  with  boulders  and  gravel 21 

These  various  deposits  of  alluvial  and  drift  clays  can  be  made 
only  into  ordinary  building  brick  and  drain  tile,  as  they  contain 
too  high  a  percentage  of  fluxes  to  withstand  the  heat  necessary 
to  vitrification.  Some  care  must  be  taken  to  select  clays  free 
from  lime  and  other  pebbles,  but  otherwise  good  building  brick 
can  be  made  from  almost  any  of  the  deposits.  At  the  present 
time  but  three  factories  are  utilizing  these  clays  in  the  coilnty. 
At  the  yard  of  A.  C.  Bowlby  &  Son,  at  Shelbyville,  a  ^T>urr  oak 
swamp  clay,"  abooit  four  feet  thick,  is  used  for  drain  tile,  the 
output  bedng  small.  At  that  of  James  Brooks,  in  Noble  Town- 
ship, a  '^lack  clay,  two  spades  deep,"  is  also  used  for  making 
tile  after  stripping  six  inches  of  surface. 

JOHNSON  COUNTY. 

m 

Just  south  of  the  center  of  the  State  is  the  county  of  Johnson, 
rectangular  in  shape,  and  comprising  an  area  of  320  square 
miles.  It  lies  south  of  Marion,  north  of  Bartholomew  and  Brown, 
west  of  Shelby  and  east  of  Morgan  counties. 

The  surface  rocks  of  the  county,  which  are  nearly  everywhere 
covered  by  a  thick  mantle  of  drift,  are  the  New  Albany  oq* 
Genesee  Shale  of  the  Davonian  and  the  Knobstone  Group  of  the 
Lower  Carboniferous.  The  former  covers  two  thirds  or  more 
of  the  county,  the  Knobstone  occurring  only  in  the  western  third. 
The  shales  forming  the  lower  portion  of  the  Knobstone  strata 
and  the  drift  and  alluvial  clays  occurring  on  the  surface  at  vari- 
ous points  present  the  only  clay  working  materials  of  the  county. 
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The  principal  exposures  of  Knobstone  occur  along  the  streams 
in  the  southwestern  corner.  The  most  eastern  outcrop  is  at 
Woodruff  HiU,  south  of  Nineveh,  southeast  quarter  section  34 
(11  K,  4  E.).  At  Pritchard's  Hill,  in  section  10  (11  N.,  4  E.), 
there  is  another  thick  exposure  in  which  numerous  nodules  of 
iron  carbonate  are  mingled  with  the  clay  shales.  In  the  deeper 
channels  of  all  streams  in  Hensley,  Union  and  White  River  town- 
ships, there  are  exposures  of  the  shale.  In  general  they  are  com- 
posed of  loose,  fine  grained  clay  shales,  which  have  become  more 
siliceous  toward  the  top.  A  number  of  these  outcrops  occur 
within  less  than  half  a  mile  of  the  Indianapolis  Southern  Divi- 
sion of  the  Illinois  Central  Railway,  now  in  course  of  construc- 
tion. Almost  everywhere  these  shales  contain  ironstone  concre- 
tions which  would  have  to  be  thrown  aside  if  the  shales  were 
put  to  use.  In  places,  alternate  layers  of  a  more  sandy  shale 
or  sandstone  appear  between  the  layers  of  clay  shale,  so  that  care 
should  be  taken  in  selecting  a  location  for  a  factory  to  utilize 
the  shales.  At  the  junction  of  the  two  forks  of  Indian  Creek,  in 
the  southeast  quarter  of  section  20  (11  N.,  3  E.),  the  following 
section  occurs: 

Section  on  Tmtian  Creek,  in  Iletnlcy  Township,  Johnson  County. 

Feet.  Inehet, 

1.  Sou  2  0 

2.  YeUow  surface  clay 20  0 

3.  Gray  to  blue  drift  clay 30  0 

4.  Sandstone  0  10 

5.  Sandy  knob  ehale 12  0 

6.  Sandstone  0  (5 

7.  Blue  clay  shale 10  0 

8.  Sandstone  0  8 

9.  Blue  clay  shale 12  0 

10.  Paving  stone  (bed  of  creek) 0  0 

Nos.  7  and  9  of  this  exposure  and  similar  shales  of  all  other 
exposures  in  this  region  can  be  utilized  for  ordinary  soft  mud 
brick,  for  stiff  mud  stock  brick,  for  dry  pressed  front  brick,  or  for 
vitrified  street  paving  brick. 

Five  factories  are  utilizing  the  surface  clays  of  Johnson 
County*  for  making  ordinary  brick  and  drain  tile.  At  Nineveh 
three  feet  of  black  and  yellow  clay  are  used,  after  stripping  eight 

^See  statistical  table  at  end  of  paper. 
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inches  of  soil.  Both  drain  tile  and  brick  are  made^  but  only  on  a 
small  scale,  the  value  of  the  output  in  1904  being  $1,350.  At 
Franklin  from  12  to  24  inches  of  surface  clay  are  used  in  making 
soft  mud  brick.  Near  Whiteland  a  bed  of  "black  and  blue  clay," 
28  inches  thick,  is  used  for  drain  tile,  and  at  Greenwood  a  yellow 
clay  is  used  to  a  depth  of  18  inches  in  making  "common  sand 
brick." 

HANCOCK  COUNTY. 

This  county,  comprising  an  area  of  307  square  miles,  lies  just 
east  of  Marion  and  north  of  Shelby.  Its  entire  surface  is  covered 
with  a  heavy  mantle  of  drift,  so  thick  that  the  underlying  rocks 
nowhere  appear,  nor  have  any  of  the  streams  cut  deep  enough  to 
expose  them.  Deep  bores  sunk  for  oil  show  that  the  Niagara 
Limestone  immediately  underlies  the  drift  in  the  northeastern 
portion  and  the  Jeffersonville  Limestone  of  the  Devonian  in  the 
remaining  three-fourths  of  the  county.  Of  the  surface  clays  of 
the  county  Dr.  E.  T.  Brown  has  written  as  follows : 

"The  upper  surface  drift  clay  of  the  county  ranges  from  a  pale 
cream  color  through  yellow  to  orange  in  hue,  and  originally  sup- 
ported a  heavy  forest  of  beech  and  oak  trees.  On  the  more  ele- 
vated lands,  where  this  upper  clay  does  not  cover  a  superficial  bed 
of  gravel,  it  is  generally  from  15  to  20  feet  thick,  with  a  bed  of 
sand  or  fine  gravel  separating  it  from  the  lower  clay  or  till  below. 
This  sand  or  gravel  is  the  water-bearing  stratumthat  supplies  most 
of  the  wells  furnishing  water  for  domestic  purposes,  watering 
stock,  etc.  This  upper  clay  contains  carbonate  of  lime  in  the 
form  of  sand  and  pebbles,  from  which  the  water,  in  percolating 
through  it,  becomes  sufficiently  charged  with  that  substance  to 
render  it  hard  before  it  reaches  the  reservoir  below. 

"In  the  lowlands  the  upper  clay  is  always  thin  and  often 
entirely  wanting.  Here  we  have  a  stratum  of  vegetable  loam 
from  two  to  five  feet  thick,  frequently  resting  directly  on  the  till 
or  lower  blue  clay.  This  clay,  as  it  lies  in  its  natural  bed,  is 
generally  very  compact  and  hard.  When  moistened  and  tempered 
it  becomes  quite  soft  and  plastic,  having  an  unctuous  or  talcose 
feel,  and  it  is  often  so  fine  as  to  be  profitably  used  in  art  model- 
ing. When  moist  it  has  a  blue  or  lead  color,  but  when  dry  it 
assumes  an  ashy  appearance.    Though  it  appears  to  be  a  very  pure 
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^^^7f  7®t  a  careful  washiBg  will  show  that  nearly  50  per  cent  of 
it  consists  of  very  fine  grains  of  nearly  transparent  sand.  The 
coloring  matter  is  a  sulphide  of  iron,  which  a  red  heat  will  con- 
vert into  an  oxide,  and  the  color  will  be  changed  to  a  dark  red."* 
These  surface  clays  are  used  in  making  ordinary  brick  and. 
drain  tile  at  five  or  six  yards  in  the  coimty.f  At  Greenfield  but 
two  feet  of  clay  can  be  used,  as  the  lime  pebbles  become  too 
numerous  below  that  depth.  At  Maxwell  ^^one  spade  of  soil  and 
two  spades  of  clay  are  used,  after  cutting  off  about  four  inches  of 
sod,"  while  at  Gem,  after  removing  six  inches  of  stripping,  a  blue 
clay  two  feet  thick  is  used  for  drain  tile. 

MABION  COUNTY. 

Marion  County  lies  near  the  center  of  the  State,  with  Indian- 
apolis, the  State  Capital,  as  its  county  seat.  It  ccnnprises  an  area 
of  400  square  miles,  lying  east  of  Hendricks,  south  of  Hamilton 
and  Boone,  west  of  Shelby  and  Hancock,  and  north  of  Johnson 
and  Morgan  counties.  The  West  Fork  of  White  River  passes 
through  the  county  fr(»n  north  to  south  near  its  center.  This 
stream  is  bordered  in  many  places  by  a  broad  gravel  plain  or 
river  terrace,  which  ranges  from  one  to  three  miles  or  more  in 
width,  and  rises  gradually  into  the  uplands. 

The  entire  surface  of  the  county  is  covered  with  a  thick  sheet 
of  compact  till.  In  a  few  places  the  underlying  rock  occurs  within 
30  to  50  feet  of  the  surface,  but  over  much  of  the  area  the  drift 
exceeds  100  feet^  and  in  a  few  places  is  known  to  be  above  225 
feet  in  thickness. 

The  water  in  the  surface  wells  in  the  county  is  usually  obtained 
in  sand  beds  at  a  depth  of  10  to  20  feet,  near  the  junction  of  the 
yellow  and  blue  surface  clays-  Drilled  or  tubular  wells  are  in 
many  places  sunk  through  the  blue  clay  to  gravel  deposits,  at  a 
depth  of  100  or  more  feet. 

The  following  well  records,  showing  the  thickness  and  sequence 
of  the  components  of  the  drift  in  Marion  County,  are  taken  from 
Dr.  E.  T.  Brown's  "Report  of  a  Geological  and  Topographical 
Survey  of  Marion  County,  Indiana"  4 

*'*Q%ologj  of  Hanooek  Ooanty."  In  FifUeath  Ana.  Rtp.  Ind.  D«p.  Gtol.  and  Kat 
Hift,  1886-81,  p.  m. 

t  8m  tUtiitload  table  at  and  of  papar. 

}  Ind.  Dap.  Qaal.  k  Nat.  Hift,  Ulh  Ann.  Bap.  1882,  p.  91. 
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Section  of  Wdl  at  BuUer  Umvenity^  IivingUm, 

1.  Yellow  clay  and  loam 18 

2.  Blue  clay 18 

>        3.    Quicksand  (water)  4 

4.    Blue  clay 60 

6.    CkMirae  gravel  (water) 8 

Total : 108 

Section  of  Well  at  BrigfUwood. 

1.  Loam  and  yellow  clay 22 

2.  Sand  (water) 2 

3.  Blue  clay > 36 

4.  Fine  sand  (water) 3 

5.  Blue  clay 40 

6.  Coarse  gravel 4 

Total 107 

Section  of  Well  m  University  Park,  Indianapolis. 

Feet, 

1.  Loam    3 

2.  Gravel  to  water 17 

3.  Gravel  below  water 20 

4.  Blue  clay   -. 25 

5.  Coarse  gravel 2 

Total 67 

The  surface  yellow  clay  is  utilized  for  making  soft  mud  brick 
at  ten  different  yards  at  various  points  in  the  environs  of  the  city 
of  Indianapolis.*  At  most  of  these  it  Is  used  twihout  stripping  to^ 
a  depth  of  18  to  30  inches.  Aside  from  these  brick  yards,  the 
only  clay-working  industries  in  the  county  are  the  extensive  ones 
of  the  U.  S.  Encaustic  Tile  Co.  and  the  Indianapolis  Terra  Cotta 
Co.,  both  of  which  import  all  their  clays  from  other  parts  of 
Indiana  and  different  States  of  the  Union. 

BOONB  COUNTY. 

The  southern  edge  of  this  county  is  about  10  miles  northwest 
of  Indianapolis.  It  lies  north  of  Hendricks  and  Marion  and  east 
of  Montgomery  County,  and  embraces  an  area  of  420  square 
miles.        >  .:>; 


*8e«  ■Utlitiosl  UbU  ntar  end  of  paptr. 


410  EEPOBT   OF   STATE    aBOLOGIST. 

The  entire  surface  of  the  county  is  covered  with  drift  to  a 
depth  of  75  to  200  feet,  there  being  not  one  exposure  of  the 
underlying  rocks  within  its  bounds.  Deep  wells  and  bores  have 
proven  the  greater  portion  of  the  county  to  be  underlain  with 
the  black  New  Albany  Shale  of  Devonian  age.  The  Jefferson- 
ville  Limestone  occurs  as  the  surface  rock  in  deep  bores  in  the 
northeastern  corner,  while  the  Eiiobstone  has  been  found  in  a 
number  of  wells  in  the  western  third. 

The  yellow  surface  clay  of  the  drift  lies  from  two  to  five  feet 
below  the  top  of  the  surface  soil,  and  runs  from  4  to  20  feet  in 
thickness.  It  usually  overlies  a  thin  layer  of  sand  or  gravel, 
beneath  which  is  a  stratum  of  blue  clay,  which  runs  anywhere 
from  3  to  25  feet  thick.  The  following  section  of  a  well  on  the 
farm  of  D.  M.  Burns,  two  miles  north  of  Lebanon,  will  show  the 
general  sequence  of  the  upper  portion  of  the  drift  in  the  county. 

SeHion  of  WelUon  Burnn  Farm,  North  of  Ijchanon. 

Feet. 

1.  Soil 2 

2.  Yellow  clay   7 

3.  Gravel  and  sand 2 

4.  Blue  clay 22 

5.  Gravel   i 2 

6.  Gravel  and  clay 3 

7.  Blue  clay 50 

8.  Boulder   1 

9.  Blue  clay 23 

Soft  mud  brick  and  drain  tile  are  made  from  the  surface  clays 
at  a  number  of  localities  in  the  county.* 

At  Lebanon  from  24  to  36  inches  of  yellow  surface  clay  is 
used,  after  stripping  8  to  10  inches  of  soil.  At  the  yard  of  Saun- 
ders &  Robinson,  seven  miles  northeast  of  Lebanon,  the  top  soil, 
two  to  six  inches  thick,  is  removed,  and  about  20  inches  of  the 
underlying  clay  used  in  making  drain  tile. 

CLINTON  COUNTY. 

This  county,  comprising  an  area  of  402  square  miles,  lies  north 
of  Boone  and  east  of  Montgomery  and  Tippecanoe  counties.  Like 
Boone,  its  entire  surface  is  covered  with  a  thick  glacial  deposit  of 

*See  statistical  table  at  end  of  paper. 
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clay,  gravel  and  sand.  The  only  knowledge  of  the  underlying 
rocks  comes  from  deep  bores  which  have  passed  through  this  mantle 
in  search  of  water,  gas  or  oil.  These  show  practically  the  entire 
county  to  be  underlain  with  rocks  of  the  Devonian  age,  the  east- 
ern limits  of  the  Knobstone  passing  across  the  extreme  southwest- 
em  comer  a  mile  or  so  east  of  Colfax. '  All  clay  deposits  of  the 
county  are,  therefore,  of  drift  or  alluvial  origin,  and  suitable  only 
for  common  brick  and  drain  tile.  The  following  general  account 
of  the  soils  and  clays  is  taken  from  W.  H.  Thompson's  report 
on  the  geology  of  the  county  :* 

"The  soil  of  Clinton  County  is,  for  the  great  part,  a  black,  fer- 
tile mold  or  loam,  well  mixed  in  places  with  fine  sand,  especially 
toward  the  southern  part,  where  the  prairie  gives  place  to  gently 
rolling  timbered  land.  Such  diggings  -and  borings  as  have  been 
made  through  this  soil  have  reached  the  blue  clay  or  till  a  few 
feet  below  the  surface.  Wherever  yellow  clay  is  found  it  over- 
lies the  blue.  Both  of  these  clays  contain  a  large  amount  of 
gravel  and  crushed  stone,  but  the  blue  is  more  compact  and  sili- 
cious  than  the  yellow. 

"In  many  places  along  the  streams  of  the  county  there  are  bold 
bluffs  of  the  bluish-gray  boulder  clay,  sometimes  obscurely  strati- 
fied, showing  partings  of  fine  buff  sand.  It  is  not  infrequently 
the  case  that  a  sheet  of  this  sand  will  be  overlaid  with  a  thipkness 
of  10  or  more  feet  of  refractory  "hardpan;"  that  is,  intensely 
solidified  blue  clay,  practically  impervious  to  water.  This  geo- 
logical feature  of  the  county  is  the  source  of  the  fine  flowing  wells 
which  supply  the  beautiful  and  thriving  city  of  Frankfort  with 
an  excellent  quality  of  chalybeate  water  in  exhaustless  quanti- 
ties." 

Marly  or  silty  clays  occur  in  places  near  or  on  the  sites  of  old 
marshes  or  extinct  lakes.  On  the  land  of  F.  M.  Kemp,  one  mile 
south  of  Frankfort,  west  half  of  northeast  quarter  of  section  22 
(21  N.,  1  W.),  a  bed  of  such  clay  occurs  beneath  a  tract  of  15  or 
more  acres.  It  is  light  gray  in  color,  very  fine-grained,  and  over- 
lain with  three  and  a  half  feet  of  black  muck  soil.  The  bed  of 
marly  clay,  where  tested,  was  22  inches  thick,  and  lies  on  top  of  a 
thick  deposit  of  blue  drift  clay.    By  itself  it  can  be  burned  into 


*FifUenih  Rep.  Ind  ,  Dep.  Geol.  k  Nat.  Hist.,  1886, 154. 
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terra  cotta  lumber  or  hollow  fireproof  ing.  Combined  with  the 
underlying  blue  clay^  it  wiU  make  drain  tile  or  hollow  building 
block  of  good  quality. 

Ordinary  brick  and  drain  tile  are  made  at  a  half  dozen  or  more 
factories  in  Clinton  County.  The  largest  of  these  is  that  of  the 
M.  J.  Lee  Drain  Tile  Co.,  at  Colfax,  in  the  southwestern  comer 
of  the  county.  Four  inches  of  black  soil  are  here  stripped  and 
the  surface  clay  then  used  to  a  depth  of  four  feet.  Drain  tile 
4  to  30  inches  in  diameter  are  made,  the  value  of  the  output  in 
1904  being  $36,500.  At  Idichigantown  three  feet  of  blackish 
clay  are  used  in  making  drain  tile,  while  at  Frankfort  soft  mud, 
sand-molded  brick  are  made  from  two  feet  of  yellow  clay,  too 
many  lime  pebbles  being  encountered  below  that  depth. 

CARROLL  COUNTY. 

This  county,  embracing  an  area  of  370  square  miles,  lies  north 
of  Clinton  and  east  of  Tippecanoe  and  White  counties.  The 
Wabash  River  cuts  through  it  in  a  general  southwesterly  direc- 
tion, leaving  about  one-fourth  the  area  in  the  form  of  a  rough 
triangle,  to  the  northwestward. 

The  rocks  of  three  geological  epochs  are  represented  in  Carroll 
County.  The  Niagara  Limestone  of  the  Upper  Silurian  covers  an 
area  of  about  25  square  miles  near  the  center  of  the  eastern  third, 
and  also  occurs  along  the  northern  border  and  over  a  small  area 
just  north  of  Delphi,  the  county  seat.  The  remainder  of  the 
county  is  about  equally  divided  between  the  Jeffersonville  lime- 
stone and  New  Albany  Black  Shale  of  the  Devonian  Period,  the 
limestone  being  found  in  the  eastern  and  northern  portions  and 
the  shale  in  the  southern  and  western. 

Almost  the  entire  surface  of  the  county  is  covered  with  a  heavy 
drift  deposit,  but  the  Wabash  River  and  some  of  its  larger  tribu- 
taries have  in  places  cut  through  this  and  exposed  the  underlying 
limestones  and  black  shales.  The  only  clays  of  the  county  are  of 
drift  origin,  or  in  part  formed  from  the  decomposition  of  the 
black  shale.  Prof.  CoUett,  in  the  report  of  this  department  for 
1872,  has  the  following  to  say  of  these  clays : 

"The  clays  of  Carroll  County  are  largely  composed  of  the  pul- 
verized debris  of  the  black  slate.     This  gives  plasticity  to  the 
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material  and  adds  a  perceptible  amount  of  iron^  which  paints  the 
bricks  here  made  with  an  indelible,  ruddy  color.  A  stranger  will 
at  once  notice  that  the  city  of  Delphi  has  the  appearance  of  a  new 
town.  Although  some  of  the  houses  have  been  exposed  to  the 
weather  for  25  years,  the  brick  walls  are  as  fresh  and  brightly 
colored  as  of  yesterday.  This  building  material  deserves  the 
notice  of  architects,  as  it  is  believed  to  furnish  a  product  equal 
to  any  in  the  Union." 

At  the  present  time  these  clays  are  used  for  soft  mud  brick 
only  at  Ockley  and  for  drain  tile  at  Bringhurst.  At  the  former 
place  a  surface  clay  18  inches  thick  is  utilized.  At  Bringhurst, 
after  stripping  two  to  six  inches  of  sod  and  soil,  the  underlying 
clay,  18  inches  thick,  is  used. 

TIPPBWANOE  COUNTY. 

Tippecanoe  County  is  situated  in  the  west-central  part  of  the 
State,  and  is  bounded  on  the  north  by  White  and  Carroll,  on  the 
east  by  Carroll  and  Clinton,  on  the  south  by  Montgomery,  and' 
on  the  west  by  Fountain,  Warren  and  Benton  counties.  It  is 
separated  from  the  boundary  line  of  the  State  of  Illinois  by  the 
three  counties  last  named.  The  county  is  21  miles  wide  from  east 
•to  west  and  24  miles  in  length  from  north  to  south,  its  area  being 
504  square  miles.  About  one-half  of  the  surface  consists  of 
broad,  fertile  and  nearly  level  plains.  The  balance  consists  of 
gently  rolling  uplands,  steep  hillsides  or  rich  alluvial  bottoms. 
Occasional  swamps  or  bogs  are  seen,  with  deep  lacustral  deposits. 

The  surface  rocks  of  the  county  are  almost  everywhere  hidden 
by  a  heavy  mantle  of  drift,  which  ranges  in  known  thickness  up 
to  350  or  more  feet.  Beneath  this  drift  the  New  Albany  Black 
Shale  is  found  over  the  northeastern  portion  of  the  county,  while 
the  Knobstone  and  limestones  of  Lower  Carboniferous  age  occur 
in  the  southern  and  western  portions.  Near  the  center  of  the 
western  margin  the  Mansfield  sandstone  is  also  known  to  occur 
beneath  a  small  area. 

While  the  Knobstone  rocks  which  elsewhere  furnish  an  abun- 
dance of  clay-working  material,  occur  over  a  large  area  of  the. 
county,  they  are  everywhere  so  deeply  buried  beneath  the  drift 
that  they  cannot  be  utilized.     The  only  workable  clays  of  the 
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county  are,  therefore,  of  drift  origin.  In  the  central  and  north- 
ern parts  of  the  county  extensive  beds  of  sand  and  gravel  occur 
close  to  the  surface,  and  brick  clays  are  not  common,  but  in  the 
southern  and  eastern  portions  the  characteristic  yellow  and  blue 
clays  of  the  drift  are  everywhere  abundant.  In  the  vicinity  of 
Crane  the  well  sections  exposing  these  clays  rui\  about  as  follows : 

Section  of  Well  One  and  a  Half  Mies  Souikivesi  of  Crane, 

FeH. 

1.  Soil 2 

2.  Yellow  clay 7 

3.  Blue  clay 8 

4.  Gravel   1 

At  Stockwell  the  yellow  clay  runs  about  12  feet  in  thickness, 
with  gravel  immediately  below,  while  at  Monroe  the  yellow  clay 
immediately  overlies  the  blue,  each  with  a  thickness  of  18  feet. 
Near  Dayton  the  yellow  clay  runs  as  high  as  28  feet  in  thickness. 
At  Montmorenci  it  is  six  feet  thick  and  overlies  a  25-foot  stratum 
of  the  blue.  At  Battle  Ground,  north  of  Lafayette,  both  clays 
are  wanting,  the  soil  resting  directly  upon  hardpan,  beneath 
which  is  75  feet  of  gravel. 

Brick  and  drain  tile  are  made  from  these  surface  clays  at  La- 
fayette  and  Montmorenci.*  At  the  former  place  Jacob  May  &. 
Son  have  two  large  yi^rds.  At  the  one  on  South  Fourth  Street  18 
inches  of  surface  clay  are  used  in  making  soft  mud  sand-molded 
brick,  the  output  in  1904  being  1,500,000,  valued  at  $8,250.  At 
the  yard  on  South  Ninth  Street,  three  feet  of  clay  are  used  in 
making  stiff  mud  brick  and  drain  tile,  1,000,000  brick  and  180,- 
000  tile,  together  valued  at  $9,100,  being  produced  in  1904. 

At  Montmorenci,  Henry  Kneale  makes  drain  tile  from  a  mix- 
ture of  black  prairie  top  soil,  10  to  12  inches  thick,  and  under- 
lying blue  "joint  clay."  He  writes:  "We  dig  about  three  feet 
in  all  and  mix  the  blue  and  black  together.  It  makes  a  good 
mixture  and  the  tile  give  good  wear." 

^See  statistical  table  at  end  of  paper. 
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WHITE  COUNTY. 

This  county  lies  north  of  Tippecanoe  and  Carroll  and  east  of 
Jasper  and  Benton,  and  comprises  an  area  of  500  square  miles. 
The  greater  portion  of  its  surface  is  underlain  by  rocks  of  the 
Devonian  age,  the  New  Albany  Black  Shale  being  the  principal 
formation.  The  Niagara  Limestone  occurs  in  the  northern  and 
northeastern  portions  and  outcrops  near  Monon,  while  the  Knob- 
stone  underlies  a  small  area  in  the  southwestern  corner.  Almost 
everywhere  these  rocks  have  above  them  a  heavy  cover  of  drift. 
The  only  rock  exposures  are  those  of  the  Niagara  Limestone, 
already  mentioned,  near  Monon,  and  one  of  black  shale  near  the 
Norway  dam  on  the  Tippecanoe  Eiver. 

The  only  clays  of  workable  quality  in  the  county  are  those  of 
drift  origin.  These  are  utilized  for  drain  tile  at  Chalmers,  Ida- 
ville  and  near  Monon.*  At  the  first-named  place  the  tile  are 
made  from  "about  three  feet  of  the  clay,  after  removing  eight 
inches  of  top  soil."  At  Idaville  a  tough,  bluish  clay  is  used,  10 
inches  of  black  soil  being  first  removed. 

At  the  yard  three  miles  east  of  Monon  a  surface  clay,  three 
and  a  half  feet  thick,  is  used  for  brick  and  tile,  after  stripping 
about  six  inches  of  drab  sandy  loam. 

The  remaining  counties  in  which  the  Devonian  rocks  form  part 
of  the  surface,  viz.,  Jefferson,  Decatur,  Bush,  Hamilton  and  Cass, 
have  the  greater  part  of  their  areas  covered  by  the  rocks  of  the 
Upper  Silurian  Period,  and  hence  will  be  treated  in  that  connec- 
tion. 


*See  •tatistical  table  at  end  of  paper. 
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IV.     Counties  of  the  Uppeb  Seltteian  Abea. 

The  list  of  counties  forming  this  area  was  given  on  page  45. 
Of  those  there  named  the  clays  of  White,  Hancock  and  Jennings 
have  already  been  discussed,  since  the  greater  portion  of  their 
respective  areas  is  covered  with  rocks  of  Devonian  age*  As  already 
noted,  the  only  commeircial  clays  of  the  large  area  covered  by 
Upper  Silurian  rocks  in  Indiana  are  those  of  drift  or  alluvial  ori- 
gin. These  can  be  used  only  for  the  cheaper  clay  commodities, 
such  as  ordinary  brick  and  drain  tile. 

« 

OASS,   MIAMI,   WABASH,  HUNTINGTON,  WELLS  AND  ADAMS 

OOUNTIBS. 

These  six  counties  comprise  a  combined  area  of  2,300  square 
miles,  lying  along  and  on  both  sides  of  the  Wabash  Eiver,  between 
White  County  and  the  Ohio  State  line.  With  the  exception  of  a 
small  portion  of  Cass  County,  in  which  the  Jeffersonville  Lime- 
stone forms  the  surface,  their  entire  area  is  underlain  by  the 
Niagara  Limestone  of  Upper  Silurian  Time.  This  limestone  is 
exposed  at  a  number  of  places  along  the  Wabash  and  near  the 
mouths  of  the  larger  tributaries  which  enter  that  stream  in  the 
region  under  consideration.  However,  in  by  far  the  greater  por- 
tion of  the  area  the  limestone  is  covered  by  hardpan,  gravel,  sand, 
yellow  clay  and  soil  to  a  depth  varying  from  26  to  460  feet.  Many 
deep  bores  for  oil  and  gas  have  been  sunk  within  the  past  twenty 
years  through  this  cover  of  drift  and  the  underlying  rock,  and 
hence  the  nature  of  the  latter  is  well  understood. 

The  surface  clays  of  the  counties  mentioned  are  utilized  for 
brick  and  tile-making  at  a  number  of  localities,*  while  at  many 
places  occur  deposits  suitable  for  such  wares,  which  have  not  yet 
been  developed. 

In  Cass  County  a  layer  of  gravel  usually  occurs  immediately 
below  the  top  soil.  In  places  a  layer  of  yellow  clay,  3^  to  15  feet 
thick,  replaces  the  gravel.  This  sometimes  overlies  blue  clay,  but 
more  generally  sand  or  gravel.  At  Logansport  24  inches  of  sur- 
face clay  is  used  without  stripping  for  making  common  brick,  the 
output  in  1904  being  two  millions. 

In  Miami  Coimty  there  is  a  fine  deposit  of  clay  on  the  farm  of 

*86«  lUtiitloftl  table  »t  and  of  p»p«r. 
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Abram  Alley,  four  miles  northwest  of  Denver,  on  Weasaw  Oreek, 
that  might  be  profitably  used  in  the  manufacture  of  pottery,  and 
is  certainly  valuable  for  the  manufacture  of  tile  and  brick.  It 
bums  to  a  light  cream  color,  stalids  the  fire  well,  does  not  warp 
materially,  and  may  be  burned  to  any  degree  of  hardness.  On  the 
same  farm  occurs  a  vast  quantity  of  a  brownish-colored  clay, 
which  bums  to  a  bright  red  and  makes  a  most  excellent  paint. 
This  same  variety  of  clay  occurs  also  on  the  farm  of  Louis  Piper, 
two  miles  north,  and  on  the  farm  of  William  Zook,  one  mile  north 
of  Denver.  It  also  occurs  in  the  vicinitv  of  Chili  in  inexhaustible 
quantities. 

Brick  or  tile  factories  are  in  operation  in  this  county  at  Peru, 
Amboy  and  Perrysburg.  At  Amboy  a  lowland  alluvial  surface 
clay  is  used  to  a  depth  of  three  feet,  after  removing  three  to  six 
inches  of  loam  soil.  At  Perrysburg  eight  inches  of  sandy  clay 
are  stripped  and  the  underlying  surface  clay  then  used  to  the 
depth  of  six  feet  in  making  drain  tile  and  brick.* 

In  Wabash  County  the  surface  wells  in  most  places  penetrate 
from  3  to  20  feet  of  yellow  clay,  beneath  a  foot  or  two  of  soil. 
Underlying  the  yellow  clay  is  usually  a  thick  stratum  of  blue 
clay,  below  which  is  gravel,  forming  the  water-bearing  stratum- 
The  yellow  clays  are  utilLied  for  brick  or  tile  at  Wabash,  La  Fon- 
taine and  North  Manchester.  At  the  last-named  place  six  feet  of 
tough  yellow  clay  are  used  for  making  ordinary  brick,  after  re- 
moving three  inches  of  soil. 

At  La  Fontaine  soft  mud  brick  are  made  from  10  to  30  inches 
of  surface  clay,  after  removing  the  grass  roots.  At  the  yard  of 
E.  II.  Carothers,  seven  miles  north  of  Wabash,  "a  good  black  sur- 
face clay"  is  used  for  drain  tile,  after  stripping  six  inches  of  sod 
and  soil. 

In  Huntington  County  the  mantle  of  drift  averages  thinner 
than  in  those  adjoining,  but  yellow  clays,  suitable  for  brick  or  tile 
making,  occur  in  a  nimiber  of  places.  At  Huntington,  the  surface 
clay  used  for  brick-making  runs  16  to  30  inches  in  thickness,  with 
practically  no  stripping.  Below  30  inches  the  clay  becomes  "too 
strong,  with  some  lime  pebbles  in  it."  At  the  yard  of  Tribolet 
Bros.,  five  miles  southeast  of  Huntington,  a  stripping  of  eight 

^See  itatiitloal  Uble  near  end  of  paper. 
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inches  of  soil  is  removed  two  or  three  days  before  the  day  is 
used.  The  latter  is  "a  heavy,  smooth  clay,"  26  inches  of  which 
are  made  into  drain  tile  and  brick.  At  Bippus,  after  removing 
about  six  inches  of  soil,  a  stratum  of  blue  clay  from  four,  to  six 
feet  thick  is  made  into  building  brick  and  drain  tile.  In  the  yard 
at  Majenica  a  similar  blue  clay,  three  feet  thick,  is  used  for  the 
same  products,  after  stripping  six  inches  of  the  overlying  surface. 

In  Wells  County  the  thickness  of  the  drift  is  moderate,  the 
underlying  limestone  being  struck  in  many  places  at  30  to  50  feet. 
At  Bluffton  "a  dark  low-ground  surface  clay"  is  made  into  drain 
tile,  the  thickness  used  being  four  feet,  without  stripping.  One 
mile  south  of  Bluffton  a  light  yellow  clay,  8  to  24  inches  thick,  is 
burned  into  soft  mud  brick.  In  a  yard  at  Poneto  five  inches  of 
soil  are  removed  and  a  dark  clay,  averaging  five  feet  in  thickness^ 
is  used  for  drain  tile. 

The  Aurora  Fire  Clay  Co.,  at  Bluffton,  have  the  largest  clay- 
working  industry  in  the  county.  They  make  glasshouse  supplies 
from  fire  clays  which  are  secured  from  the  Christy  Fire  Clay 
Co.,  of  St.  Louis,  Mo.  From  500  to  500  tons  of  the  clay,  costing 
from  $12  to  $17  per  ton  delivered,  are  used  each  year.  The  out- 
put of  the  factory  in  1904  was  550  glass  pots,  valued  at  $15,000. 

In  Adams  County  the  majority  of  surface  wells  are  sunk 
through  yellow  and  blue  clay  to  a  depth  of  20  to  45  feet.  Brick 
and  tile  are  burned  at  Decatur,  Monroe  and  Berne.*  At  Decatur 
the  clay  suitable  for  use  runs  two  to  six  feet  in  thickness,  with 
little  or  no  cover,  while  at  Berne  it  averages  about  five  feet,  with 
two  inches  of  necessary  stripping  above.  At  Monroe,  hollow 
building  block  are  also  made,  the  surface  clay  being  used  without 
stripping  to  a  depth  of  four  feet. 

JAY,  BLACKFORD,  GRANT  AND  HOWARD  COUNTIES. 

These  four  counties  lie  in  an  east-west  line,  between  Carroll 
County  and  the  Ohio  State  Line,  near  the  northern  part  of  the 
Upper  Silurian  area.  Together  they  comprise  1,248  square  miles. 
With- the  exception  of  a  small  area  in  southwestern  Howard,  over 
which  the  Jeffersonville  Limestone  occurs,  the  Niagara  Limestone 
form  the  surface  rock.  As  in  the  counties  to  the  north,  it  is 
nearly  everywhere  overlain  with  a  thick  covering  of  drift,  com- 

*See  statistical  table  at  end  of  paper. 
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posed  of  soil,  clay,  gravel,  hardpan  and  sand.  The  strata  ofthese 
component  materials  of  the  drift  vary  exceedingly  in  different 
parts  of  the  region,  both  in  sequence  and  thickness.  All  clays 
suitable  for  burning  are  drift  or  alluvial  in  character,  and  fitted 
only  for  the  making  of  low  grade  clay  wares.  Each  of  the  coun- 
ties has  from  two  to  a  half  dozen  yards  at  which  brick  or  drain 
tile  are  made.* 

In  Jay  County  the  drift  averages  about  80  feet  in  thickness, 
'  the  greater  part  of  which  is  composed  of  a  stratum  of  blue  clay. 
Just  east  of  Portland  wells  are  sunk  only  to  a  depth  of  12  to  20 
feet,  water  being  found  in  a  sand  which  lies  between  a  yellow  and 
blue  clay.  The  surface  clays  are  used  for  brick  or  tile  at  seven 
yards  in  the  county.  At  the  yard  of  the  Portland  Hollow  Brick 
Works  a  bed  of  alluvial  second-bottom  clay  three  to  five  feet 
thick  is  used  on  a  large  scale  for  drain  tile  and  hollow  building 
block,  the  value  of  the  output  in  1904  being  $45,000.  At  Boun- 
dary the  same  products  are  made  from  a  10-foot  deposit  of  similar 
clay.  At  the  yard  of  H.  Z.  Huey,  in  Wabash  To\vnship,  in  the 
northeastern  part  of  the  county,  black  clay  to  the  depth  of  eight 
inches  is  stripped  and  the  underlying  stratum,  four  feet  thick, 
used  for  drain  tile,  brick  and  hollow  block.  Near  Kedkey  "ordi- 
nary surface  clay,"  five  feet  in  thickness,  is  used  for  the  same 
class  of  products,  while  at  the  Bryant  yard,  and  also  a  yard  near 
Greene,  four  inches  of  surface  is  stripped  and  the  underlying 
clay  used  to  a  depth  of  four  feet. 

The  drift  covering  of  Blackford  County  runs  from  100  to  150 
feet  or  more  in  thickness.  It  is  composed  mainly  of  a  compact  till 
of  yellow  and  blue  clays  and  hardpan,  though  beds  of  sand  and 
gravel  are  suflSciently  numerous  to  supply  water  for  most  of  the 
wells  at  moderate  depths.  At  Hartford  City  a  yellow,  loamy 
clay,  two  to  five  and  a  half  feet  in  thickness,  is  used  for  drain 
tile  and  hollow  block,  after  removing  two  inches  of  grass  roots  and 
soil. 

Grant  County  possesses  an  abundance  of  surface  clay  suitable 
for  brick  and  tile.  Several  important  factories  for  utilizing  these 
clays  have  been  in  operation  for  a  number  of  years,  and  during 
the  time  that  natural  gas  furnished  an  abundant  supply  of  cheap 
fuel  the  output  was  very  large. 

*See  •tAtistical  table  at  end  of  paper. . 
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The  principal  one  of  these  factories  is  that  of  the  Marion  Brick 
Works,  located  on  the  Michigan  Division  of  the  Big  Four  Rail- 
way, three  miles  south  of  Marion.  This  factory  started  in  1888, 
soon  after  the  discovery  of  natural  gas,  to  make  soft  mud  brick 
from  the  surface  drift  clay.  For  sixteen  years  its  annual  output 
has  averaged  20,000,000,  or  400,000  per  week.  These  have  been 
shipped  mostly  to  points  in  central  and  Northern  Indiana,  Ohio 
and  Illinois.  In  1904  they  brought  $6.00  per  thousand  f.  o.  b. 
the  cars  at  the  plant.  The  company  owns  375  acres  of  land  and 
has  under  lease  80  acres  additional.  About  160  acres  of  this  was 
covered  with  clay,  which,  after  removing  the  sod,  they  use,  as 
needed,  to  a  depth  of  30  inches.  About  six  acres  are  used  eajch 
year,  ,and  about  .60  acres,  sufficient  for  10  years'  output,  still 
remain.  As  fast  as  the  clay  is  removed  the  land  is  manured  and 
clovered,  and  is  soon  brought  up  to  near  its  former  standard  of 
fertility.  , 

The  clay  is  a  grayish  yellow  in  color,  rather  coarse-grained, 
tough  and  very  plastic  when  worked.  It  makes  a  durable  brick, 
dark  cherry  red  in  color.  At  a  depth  belotv  30  inches  it  contains 
numerous  line  pebbles  which  prevent  its  use.  At  the  present  time 
it  is  being  hauled  on  tram  cars  from  a  distance  of  nearly  a  mile 
by  dummy  engina  At  the  plant  it  is  run  through  a  disintegrator, 
then  elevated  and  passed  through  Potts  machines,  where  it  is  tem- 
pered and  pressed.  Three  of  these  machines  are  in  use,  each 
requiring  eight  men  to  operate.  These  receive  6|  cents  each  per 
thousand  brick,  and  all  employes,  of  whom  there  are  about  100, 
are  hired  on  the  same  bcwis.  The  brick  are  dried  72  hours  by 
direct  steam  heat  and  are  burned  seven  to  eight  days.  The  time 
of  burning  has  been  reduced  nearly  one-half  by  the  use  of  the 
Boss  system,  which  was  installed  in  1904.  Gas  was  used  as  fuel 
up  to  the  fall  of  1903.  Linton  (Greene  County)  coal,  costing 
$2.20  per  ton  laid  down,  is  now  used,  130  tons  being  required  to 
bum  400,000  brick.  It  is  claimed  that  98  per  cent,  of  the  brick 
coming  from  the  kilns  are  sold.  The  bats  and  culls  are  reground 
in  a  dry  pan  and  mixed  with  the  other  clay.  The  brick,  wherever 
used,  have  given  good  satisfaction,  the  demand  having  been,  for 
the  most  of  the  time,  far  in  excess  of  the  supply. 

A  mile  and  a  quarter  south  of  Jonesboro  the  Citizens'  Brick  Co. 
began  making  soft  mud  brick  from  surface  clay  in  May,  1903,  the 
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plant  being  located  on  a  switch  of  the  Big  Four  Railway.  The 
clay  used  is  secured  from  the  site  of  an  old  orchard  250  feet  south 
of  the  factory.  The  sod  and  surface  to  the  depth  of  five  inches 
is  stripped  and  30  inches  of  the  underlying  gray  to  buff  clay  then 
loaded  on  tram  cars  and  hauled  by  horsepower  to  an  Anderson 
crusher.  After  passing  through  this  it  is  pugged  and  made  into 
brick  on  a  Potts  machine.  When  running  full  capacity — 30,000 
daily — 60  tram  carloads  of  the  clay  are  required.  Bolow  the  30 
inches  used  the  clay  contains  too  high  a  percentage  of  iron  oxide 
and  lime,  and  brick  made  from  it  check  in  drying.  The  company 
owns  21  aQree  of  the  clay-covered  land  and  estimate  that  it  will 
last  seven  years.  Some  trouble  was  experienced  in  the  summer 
of  1904  in  securing  a  plentiful  water  supply,  and  the  plant  was 
shut  down  for  a  month  or  longer. 

The  brick  are  dried  with  steam  and  burned  with  coal,  Linton 
egg  coal,  costing  $1.90  per  ton,  laid  down,  being  used.  One  hun- 
dred and  fifty  tons  are  required  to  burn  375,000  brick.  It  is 
unloaded  from  the  flat  cars  directly  into  small  tram  cars,  which 
are  run  between  the  kilns  and  dumped  close  to  the  arches.  Mold- 
ing sand  is  secured  from  Sandusky^^  Ohio,  and  costs  $1.70  per  ton 
at  the  plant.  The  brick  require  15  days  for  burning.  They  are 
a  uniform  dark  red  in  color  and  appear  of  good  quality,  being 
hard  and  tough,  with  sharp  edges.  They  bring  $6.00  per  thou- 
sand at  the  plant.  All  hands  except  the  burners  are  paid  by  the 
thousand  brick,  the  men  in  the-  pit  and  brickmakers  receiving  7 
cents,  setters  45  cents  and  loaders  30  cents  per  thousand.  The 
brick  are  sold  mainly  at  Indianapolis,  Marion  and  other  cities 
tributary  to  the  Big  Four  System  in  central  and  northern  In- 
diana. 

At  the  Bolen  Brick  Company's  hand  yard,  in  North  Marion, 
surface  clay  about  20  inches  thick  is  used,  the  output  in  1904 
being  nearly  two  and  a  quarter  million,  while  at  Sweetzer  about 
"four  spades^'  (32  inches)  of  clay  from  "elm  flats"  are  mixed 
without  stripping  and  used  for  drain  tile.  ,  At  llcrbst  two  inches 
of  top  are  stripped  and  2^  to  3  feet  of  black  loam  used  for  drain 
tile. 

The  coating  of  drift  in  Iloward  County  averages  about  75  feet 
in  thickness.  Outcrops  of  the  underlying  rock  occur  at  Kokomo 
and  on  Wildcat  Creek.    Surface  wells  often  find  an  abimdance  of 
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water  at  15  to  20  feet  in  beds  of  gravel  or  sand,  between  yellow 
and  blue  clay.  The  following  section  of  one  four  miles  southwest 
of  Kokomo  may  be  taken  as  an  average : 

Section  of  Well  Four  Miles  Southwest  of  Kokomo. 

Feet. 

1.  Soil   : 2 

2.  Yellow  clay 14 

3.  Sand  and  gravel 3 

4.  Blue  clay 36 

At  Russiaville,  in  the  southwest  part  of  the  county,  the  drift  is 
156  feet  in  thickness,  and  presents  the  following  section: 

Section  of  Bore  Through  Drift  at  Ritssiarille. 

Feet, 

1.  Soil   2 

2.  YeUow  clay  10 

3.  Sand  with  water 4 

4.  Blue  clay 40 

5.  Sand  and  gravel  with  thin  beds  of  blue  clay 100 

The  surface  clays  of  the  county  are  utilized  for  brick-making  at 
Kokomo  and  for  tile-making  at  Greentown  and  New  London.  At 
Kokomo  J.  M.  Leach  &  Co.  strip  four  inches  of  sod  and  soil  and 
use  32  inches  of  underiying  yellow  clay  in  making  common  brick. 
At  Greentown  a  yellow  clay,  18  to  20  inches  in  thickness,  is  used 
for  brick  and  a  "blue  or  swampy  clay,  three  to  five  feet  thick,  for 
drain  tile."  At  New  London,  after  stripping  one  spade  of  black 
loam,  a  surface  clay,  averaging  four  feet  in  thickness,  is  used  for 
tile,  hollow  block  and  brick.* 

TIPTON.  HAMILTON,   MADISON,  DEI^AWARB   AND  RANDOLPH 

COUNTIES. 

These  five  counties  comprise  an  area  of  1,967  square  miles, 
lying  just  northeast  of  the  center  of  the  State,  between  Clinton 
and  Boone  counties  and  the  Ohio  State  line.  Portions  of  the 
western  thirds  of  Tipton  and  Hamilton  have  for  their  surface 
rocks  the  Jeffersonville  Limestone  of  the  Devonian  Period.  Oth- 
erwise the  entire  area  of  the  counties  under  consideration  is  under- 
lain with  Niagara  Limestone  of  the  Upper  Silurian.  •  This  lime- 
stone is  everywhere,  except  along  a  few  of  the  streams,  covered 

*For  additional  information  regarding  these  yards  see  statistical  table  near  end  of 
p»p«r. 
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with  a  heavy  mantle  of  drift.  This  has  been  pierced  in  hundreds 
of  places  during  the  past  20  years  by  bores  sunk  for  gas  and  oil, 
and  its  thickness  found  to  range  from  five  up  to  400  feet.  All  clays 
suitable  for  manufacturing  are  either  the  yellow  or  blue  till  clays, 
dumped  where  they  now  lie  by  the  melting  glacier,  or  these  clays, 
sorted  and  modified  and  redeposited  by  the  flowing  post-glacial 
streantis  of  the  region. 

In  Tipton  County  the  drift  overlying  the  surface  rock  runs  75 
to  100  feet  in  the  eastern  and  200  to  300  feet  in  tTie  western  por- 
tions. On  the  east  border  of  the  county,  in  the  vicinity  of  Elwood, 
its  upper  portion  is  mainly  a  blue  clay  intermingled  with  beds  of 
sand  and  gravel. 

Three  miles  east  of  Tipton  a  gas  boring  showed  the  drift  con- 
stituents to  be  arranged  as  follows : 

Section  of  Bore  Three  Miles  East  of  Tipton. 

Feet. 

1.  Soil    2 

2.  Yellow  clay 9 

3.  Blue  clay •. 27 

4.  Gravel    5 

5.  Bine  clay 45 

G.  Gravel    \ 15 

At  Keinpton,  in  the  western  part,  the  yellow  clay  immediately 
below  the  surface  is  10  feet  thick,  this  being  underlain  with  sand 
and  blue  clay  in  alternating  layers  to  a  depth  of  175  feet. 

Ordinary  brick  and  drain  tile  are  made  at  six  yards  in  the 
county.*  Two  of  these,  located  at  Tipton,  make  ordinary  brick 
from  about  30  inches  of  grayish  yellow  surface  clay,  used  without 
stripping.  At  Goldsmith  and  Hobbs  about  four  feet  of  similar 
clay  is  used,  after  removing  three  to  five  inches  of  sod  and  soil. 
At  Curtisville  an  alluvial  clay,  12  to  20  inches  thick,  is  used  for 
drain  tile,  while  at  Windfall  brick  and  drain  tile  are  made  from 
a  surface  yellow  clay,  after  removing  four  inches  of  soil. 

In  Hamilton  .County  the  drift  runs  from  10  to  250  feet  or  more 
in  thickness,  the  upper  portion  being  principally  a  compact  till  of 
yellow  and  blue  clays  and  hardpan.  In  small  areas  bordering  the 
valley  of  White  River  this  till  is  replaced  by  gravel  and  sand. 
Brick  and  tile  are  made  from^  these  clays  at  three  yards  in  the 
county.*     At  the  Arcadia  Brick  W^orks,  at  Arcadia,  18  to  30 

'='See  fltatistioal  table  at  end  of  paper. 
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inches  of  grayish  yellow  surface  clay  are  used  without  stripping 
in  the  making  of  soft  mud  red  building  brick.  The  output  of  this 
factory  in  1904  was  six  million  brick,  which  brought  an  average 
of  $5.00  per  thousand  f.  o.  b.  thci  cars.  At  Noblesville  two  feet 
of  clay,  also  without  stripping,  are  used  for  hand-made  brick. 

At  the  yard  of  Chas.  Jessup,  three  and  one-half  miles  west  of 
Arcadia,  "a  bluo-gray  surface  clay,  on  the  blocky  order,  36  to  40 
inches  in  thickness,"  is  used  for  drain  tile,  after  stripping  five  to 
eight  inches  of  black  loam. 

In  Madison  County  the  surface  Niagara  rock  is  frequently 
encountered  at  depths  of  50  feet  or  less,  but  occasional  borings  in 
old  pre-glacial  valleys  have  passed  through  150  or  more  feet  of 
drift.  The  grayish  yellow  surface  clays  of  this  county  are  used 
on  an  extensive  scale  in  two  of  the  largest  brick  and  tile-making 
plants  in  the  State  and  on  a  smaller  scale  at  two  or  three  other 
places. 

One  mile  northeast  of  Summitville,  on  a  spur  of  the  Big  Four 
Kailway,  Mr.  S.  C.  Cowgill  began,  in  1880,  the  making  of  drain 
tile  from  a  surface  drift  clay.  The  business  gradually  grew,  and 
in  1894  a  second  plant  was  built  about  150  yards  from  the  firs't. 
The  two  were  operated  under  the  name  of  the  Summitville  Tile 
Works  until  May,  1902,  when  the  company  was  reorganised  as 
the  National  Drain  Tilo  Company,  with  a  paid-up  capital  of  $150,- 
000.  This  company  now  operates  four  large  plants  in  Indiana, 
three  of  which  have  been  previously  mentioned,*  the  four  having 
a  total  annual  capacity  of  4,000  carloads  of  tile. 

At  Suimiiitvillc  the  clay  used  is  obtained  about  a  mile  and 
a  half  northeast  of  tlie  plant,  being  hauled  there  in  tram  cars  by  a 
dimimy  engine.  Thirty  cars,  each  holding  three  and  a  half  cubic 
yards,  are  used  each  day.  After  stripping  a  few  inches  of  grass 
roots  and  top  soil,  the  remaining  soil  and  underlying  clay  is  used 
to  a  depth  of  32  inches,  below  which  the  clay  contains  too  high 
a  percentage  of  lime.  The  first  40  acres,  southeast  of  the  plant, 
from  which  the  clay  was  stripped  was  sold  for  $1,400,  and  is  now 
used  for  farming  purposes.  A  second  40  was  purchased  for  $65 
per  acre,  from  which  the  company  now  derives  its  clay.  The  soil 
used  is  a  dark  gray  loam,  while  the  clay  is  of  a  bluish  hue,  stained 
with  oxide  of  iron.    The  mixture  burns  a  bright  red,  and  forms  a 

*See  pp.  106, 142, 161.   Also  itatistioal  table  atTend  of  papar. 
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product  which  has  become  widely  known  as  the  standard  of  its 
kind. 

At  the  plant  the  clay  is  run  through  a  crusher  and  then  into  a 
pug  mill.  As  it  issues  from  the  latter  the  smaller  tile  are  made 
directly  from  it  on  a  table,  but  that  for  the  larger  tile  is  elevated 
to  the  top  of  a  sewer  pipe  press  on  the  third  floor.  The  tile 
emerge  from  the  press  on  the  second  floor  and  are  taken  to  the 
drying  rooms,  where  they  are  subjected  to  steam  heat — exhaust 
by  day  and  direct  by  night — for  an  average  of  six  days.  Not 
more  than  70  per  cent,  of  those  coming  from  the  press  finally 
reach  the  market,  as  a  large  number  crack  in  drying,  and  there 
is  some  loss  in  burning.  The  clay  is  much  tougher  than  the  Car- 
boniferous shales  used  at  the  other  plants  of  the  company,  and 
the  unbumed  ware  will  therefore  stand  handling  better,  but  it 
cracks  much  more  freely  in  drying.  If  the  shale  tile  were  tough 
like  the  drift  clay  they  would  be  so  much  better,  or  if  the  drift 
clay  tile  would  stand  air  and  heat  like  the  shale  tile  the  loss 
would  be  much  less. 

The  tile  run  in  size  from  4  to  20  inclies,  the  larger  sizes  being 
dried  on  the  upper  floors.  The  kilns  used  are  15  in  number,  of. 
the  round  down-draft  pattern,  and  erected  close  to  the  factory,  so 
that  the  larger  tile  can  be  run  down  an  inclined  plane  to  the  door 
of  the  kiln.  The  burning  occupies  four  days,  and  since  1003  Lin- 
ton Greene  County  lump  coal,  costing  $1.90  per  ton  laid  down, 
has  been  used  as  fuel,  15  tons  being  required  to  bum  each  kiln  of 
ware.  Of  the  65  men  employed,  all  are  hired  by  piecework, 
receiving  from  15  to  17^  cents  per  hour,  but  so  many  pieces  con- 
stitute an  hour's  work.  For  example,  eight  and  a  third  hours'  time 
are  allowed  for  emptying  or  filling  a  large  kiln,  and  the  making  of 
55  18-inch  tile  constitutes  an  hour's  work  at  the  press.  The  aver- 
age  output  per  week  is  12  kilns  of  finished  tile,  valued  at  $300 
each.  That  average  was  kept  up  for  eight  years  without  a  break 
when  gas  was  used  as  fuel.  One  gas  well,  costing  about  $1,500 
completed  and  fitted  up,  ran  all  the  kilns  for  that  time,  but  it  gave 
out  in  1903.  A  plentiful  supply  of  water  is  secured  from  a  gravel 
stratum  60  feet  below  the  surface,  a  well  being  located  at  each 
plant. 

At  Anderson  the  Indiana  Brick  Co.  has  one  of  the  most  up-to- 
date  plants  in  the  State  for  the  making  of  ordinary  soft  mud 
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brick.  It  is  located  two  and  a  half  miles  southeast  of  the  city, 
on  a  tract  of  208  acres  owned  by  the  company,  which  lies  adjoin- 
ing the  Pennsylvania,  Big  Four  and  Central  Indiana  railways. 
Brick-making  began  in  1901,  the. clay  used  being  a  fine-grained, 
buff-colored,  loamy  material,  which  is  of  high  grade  for  a  surface 
clay  in  this  region  of  the  State.  From  28  to  36  inches  are  used, 
from  the  grass  roots  down,  lime  pebbles  beginning  to  appear 
below  that  depth.  Using  to  this  depth,  about  15  acres  of  this  land 
is  stripped  each  year  to  make  22,000,000  brick.  The  clay  is  at 
present  hauled  in  wagons,  but  a  tramway  will  be  put  in  as  soon 
as  the  pit  is  opened  any  distance  from  the  plant.  The  clay  is  run 
through  a  disintegrator  and  then  made  into  brick  on  Potts  and 
Hercules  machines,  the  output  being  80,000  per  day,  or  22,000,- 
000  in  1904,  From  the  machines  the  brick  are  first  passed  to  a 
tempering  room  and  exposed  to  a  temperature  of  95  to  110  de- 
grees for  24  hours.  From  there  the  cars  are  wheeled  into  drying 
rooms,  where  the  temperature  is  120  to  ]  30  degrees.  Here  they 
are  kept  two  days,  steam  heat  being  used  in  both  places.  The 
burning  is  done  with  both  natural  gas  and  coal,  the  former  being 
used  for  water  smoking  and  in  part  for  burning.  In  September, 
1904,  the  gas  was  being  secured  from  several  miles  south  of  An- 
derson, and  cost  11  cents  per  thousand  cubic  feet,  or  about  $2,000 
per  month.  On  kilns  holding  400,000,  with  56  fires  going,  a  back 
pressure  of  three  pounds  furnished  sufficient  gas.  With  gas  the 
brick  are  burned  in  13  days;  with  coal  in  16  days. 

The  hands,  of  whom  about  100  are  employed,  work  by  piece- 
work, at  so  much  per  thousand,  and  make  from  $2.00  to  $3.00  per 
day,  averaging  $2.25.  The  brick  are  of  a  uniform  dark  red  in 
color,  close-grained,  tough  and  durable.  They  cost  about  $4.00 
per  thousand  on  board  the  cars,  and  sell  at  $6.00,  the  demand 
being  greater  than  the  supply. 

At  Orestes,  in  the  northern  part  of  Madison  County,  four  feet 
of  soil  and  grayish  yellow  clay  are  mixed  and  used  in  making 
drain  tile  from  4  to  18  inches  in  size.  These  tile  are  burned  four 
days  with  Linton  coal,  costing  $1.90  per  ton.  At  SummitviUe 
and  Shirley  18  to  24  inches  of  surface  clay  are  used  for  brick- 
making,  no  stripping  being  required. 

In  Delaware  County  the  drift  runs  from  20  to  200  feet  in 
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thickness,  and  probably  averages  about  60  feet.    At  Selma,  in  the 
eastern  part,  a  gas  bore  showed  92  feet,  divided  as  follows : 

Section  of  Bore  a^  Selma. 

Feet. 

1.  Soil  and  yellow  clay 12 

2.  Sand  with  water 8 

3.  Blue  clay 12 

4.  Sand  and  gravel GO  • 

Brick  and  tile  are  made  at  five  yards  in  the  county,*  the  two 
largest  being  located  near  Muncie.  At  the  yard  of  the  Bennett 
Brick  Co.,  two  miles  north  of  the  city,  the  clay,  from  the  grass 
roots  to  a  depth  of  24  inches,  is  used  for  soft  mud  brick,  lime 
pebbles  appearing  below  that  depth.  After  drying  48  hours  in 
direct  heat  dryers,  the  brick  are  burned  16  days  with  Linton  coal 
as  fuel.  The  output  in  1903  was  five  millions,  in  1904  three 
millions,  the  decrease  being  due,  according  to  the  superintendent, 
to  the  fact  that  "any  man  in  Muncie  who  had  60  cents  was  buying 
oil  stock  instead  of  investing  in  building."  The  brick  are  more 
porous  and  friable  than  those  burned  at  Anderson. 

At  the  yards -of  the  J.  D.  Mock  Brick  Co.,  three  miles  south- 
east of  Muncie,  a  fine-grained  gray  surface  clay  is  used,  which 
runs  28  inches  in  thickness,  with  hardpan  beneath.  The  output  is 
30,000  daily  for  ten  months  in  the  year.  Drying  is  done  by 
direct  heat,  in  a  14-tunnel  "trolley  dryer,"  the  brick  being  loaded 
on  swinging  racks  instead  of  cars,  the  racks  being  suspended  in 
the  tunnels  from  an  overhead  rod.  Linton  coal,  costing  $1.15  at 
the  mine,  75  cents  freight  and  $3.00  per  car  switching  charges,  is 
used  as  fuel,  the  total  cost  being  about  $2.00,  laid  down.  The  burn- 
ing takes  12  to  14  days,  the  Boss  system  being  in  use.  The  brick 
from  both  the  Bennett  and  Mock  yards  are  sold  through  one  office 
and  are  mostly  used  in  Muncie,  bringing  $6.75  per  thousand, 
delivered,  or  $6.25  on  board  cars.  All  hands  work  by  piecework, 
and  average  $1.75  per  day. 

The  drift  of  Randolph  County  runs  from  a  thin  coating  up  to 
340  feet  in  thickness-  It  is  in  general  a  gray  or  yellowish  clay 
near  the  surface,  with  blue  clay,  sand  and  gravel  in  the  deeper 
portions.  From  10  to  30  feet  of  clay  are  usually  passed  through 
before  reaching  gravel.    At  Union  City  the  water  of  the  surface 

"^Soe  statistical  table  at  end  of  paper. 
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wells  IS  obtained  in  gravel  beneath  blue  clay  at  a  depth  of  35  feet. 
At  Winchester  the  more  shallow  wells  strike  water  in  gravel  after 
passing  through  12  to  14  feet  of  clay.  At  Farmland  and  Parker, 
in  the  western  part,  the  surface  clay  runs  eight  to  twenty  feet  in 
thickness.  Only  the  upper  two  or  three  feet  of  clay  is  free 
enough  of  lime  pebbles  to  be  burned  into  brick  or  tile,  but  the 
clay  of  almost  any  locality  iq.  the  county  can  be  used  to  that 
depth.  Local  tile  mills  to  the  number  of  17  or  18  were  formerly 
in  operation  in  this  county,*  but  at  present  but  three  factories  are 
making  brick  or  tile  within  its  bounds.  At  Winchester  the  sur- 
face clay  to  a  depth  of  four  feet  is  used  for  soft  mud  building 
brick,  while  at  the  yard  of  B.  H.  Strahan,  six  miles  northwest  of 
Winchester,  "six  inches  of  soil  and  five  feet  of  underlying  clay, 
without  stone  or  gravel,"  are  made  into  drain  tile.  At  Stone  Sta- 
tion four  feet  of  loamy  clay  are  used  for  tile,  after  removing  six 
inches  of  surface. 

HENRY,  RUSH,  DECATUR,  RIPLEY  AND  JEFFERSON  COUNTIB8. 

These  five  counties  comprise  1,994  square  miles,  lying  along 
the  eastern  edge  of  the  southern  half  of  the  Upper  Silurian  area. 
The  western  portions  of  Rush,  Decatur  and  Jefferson  counties  are 
partially  underlain  with  the  Jeffersonville  limestone  of  Devonian 
Age,  while  the  New  Albany  Black  Shale  also  outcrops  in  the 
southwestern  part  of  Jefferson.  The  Ordovician  or  Lower  Silurian 
shales  and  limestones  form  the  surface  over  small  areas  of  Deca- 
tur and  Jefferson  and  much  of  the  eastern  half  of  Ripley.  The 
Niagara  Limestone  of  the  Upper  Silurian  is,  however,  the  pre- 
vailing rock  over  the  greater  part  of  each  of  the  five  counties. 

The  mantle  of  drift  above  the  surface  rocks  gradually  decreases 
in  thickness  from  north  to  south,  and  south  of  Henry  County  sel- 
dom runs  over  100,  and  averages  less  than  50  feet.  The  southern 
limit  of  the  Wisconsin  drift  sheet  passes  diagonally  across  Deca- 
tur County,  and  all  of  the  area  to  the  south  is  covered  only  with 
the  debris  of  the  minoian  invasion.  Many  outcrops  of  the  surface 
rocks  appear  along  the  streams,  especially  in  the  southern  part  of 
the  area,  but  no  one  of  these  is  suitable  for  clay-burning  purposes. 
The  only  clays  which  can  be  so  utilized  are,  therefore,  of  drift 
or  alluvial  origin. 

*  Phinney.  Uth  Bep.  I&d.  <Hq1.  Suit.,  1882,  p.  191. 
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Henry  County  has,  perhaps,  the  thickest  drift  in  the  State,  one 
well  near  Newcastle  having  penetrated  500  feet  before  striking 
rock  and  one  at  Cadiz  more  than  400  feet.  This  great  thickness  is 
mainly  composed  of  a  compact  blue  clay.  One  of  the  more  shal- 
low water  wells  sunk  in  the  valley  of  Blue  Kiver  near  Newcastle 
showed  the  drift  constituents  to  be  arranged  as  follows : 

Section  of  Well  near  New  OasUe, 

1.  Soil 2 

2.  Yellow  clay 8 

3.  Gravel 15 

4.  Quicksand  s  25 

5.  Blue  clay 31 

6.  Gravel    2 

7.  Hardpan   7 

8.  Coarse  gravel  with  water 3+ 

The  surface  clays  of  the  county  are  either  yellow,  where  thor- 
oughly oxidized,  or  gray  where  they  have  not  been  so  affected; 
beneath  the  surface  they  are  of  a  bluish  or  gray  color.  They  are 
used  for  manufacturing  purposes  only  at  Newcastle  and  Grant 
City.  At  the  former  place  from  one  to  three  feet  are  used,  with- 
out stripping,  for  the  making  of  ordinary  red  brick  and  drain  tile. 
At  Grant  City,  after  removing  three  or  four  inches  of  black  soil, 
the  underlying  clay  is  used  to  a  depth  of  three  to  six  feet  in 
making  drain  tile. 

In  Eush  County  the  drift  has  an  average  thickness  of 
about  100  feet,  and  is  composed  mainly  of  gray,  yellow 
and  blue  clays,  though  the  lower  part  is  frequently  sand 
or  gravel.  Dr.  M.  N.  Elrod,  in  his  report  on  the  Gleology 
of  Eush  County,*  has  given  an  excellent  account  of  these 
clays,  as  follows:  "From  top  to  bottom  the  surface  wells 
of  the  county  show:  (a)  Soil  one  to  two  feet;  (b)  yellow 
or  red  clay,  3  to  10  feet;  (c)  blue  plastic  clay  or  gray  hard- 
pan,  with  occasional  buried  timber,  muck  or  peat,  10  to  40  feet; 
(d)  sand,  quicksand  or  gravel,  three  or  more  feet.  In  some  of  the 
wells  one  or  more  of  the  generally  found  strata  are  wanting; 
either  they  were  never  formed,  or,  by  the  action  of  local  causes, 
they  have  been  removed,  or  altered  and  blended,  until  it  is  impos' 
sible  to  identify  them  as  the  equivalent  of  any  particular  stratum ; 

*  Tliirtoenth{B«P*  lad.  Geol.  Siiit.«  103,  et.  leq. 
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but,  however  altered  and  changed,  the  order  of  succession  remains 
the  same  in  the  Rush  County  drift. 

"The  blue  plastic  clay,  boulder  clay,  glacial  clay  or  hardpan  (c) 
is  a  very  generally  diffused  member  of  the  drift,  occurring  univer- 
sally, except  in  the  valleys  south  of  Kushville,  where  the  rivers 
and  creeks  reach  down  to  or  near  the  bed  rock.  In  physical 
appearance  it  is  a  blue  or  lead-colored  clay,  where  protected  from 
atmospheric  change ;  where  exposed,  of  a  lighter  shade.  It  usually 
occurs  in  compact  beds,  ranging  from  a  soft,  laminated,  plastic, 
puttylike  mass  to  a  dry,  impervious  hardpan,  that  can  only  be 
excavated  with  a  pick.  That  these  differences  in  consistency  are 
largely  due  to  moisture  may  be  shown  by  subjecting  different 
specimens  to  the  same  drying  process.  Chemically,  it  is  an  alu- 
mina silicate,  mixed  with  fine,  impalpable  sand  and  sdts  of  iron ; 
its  color  is  due  to  the  latter. 

"The  yellow  or  orange-colored  clay  (b)  is  found  everywhere 
overlying  the  blue  clay,  except  in  the  valleys  and  upland  gravel 
ridges.  Over  the  east  side  of  the  county  and  in  the  vicinity  of 
New  Salem  and  Richland  it  is  so  intimately  associated  with  the 
top  soil  that  it  is  not  possible  to  separate  them.  Near  the  Fayette 
County  line  the  color  is  a  reddish  orange,  and  especially  so  in 
parts  of  Washington  Township.  In  the  uplands  on  the  east  and 
north  sides  of  the  county  it  is  comparatively  free  from  gravel.  In 
structure  it  is  a  heterogeneous,  friable  clay,  much  more  pervious 
to  water  than  the  blue  clay,  and  yet  so  tenacious  as  to  be  improved 
by  tiling.  The  percentage  of  lime  is  quite  large,  as  indicated  by  a 
vigorous  growth  of  sugar  maple.  The  calcareous  matter  and  very 
fine  sand  incorporated  with  the  orange  clay  in  parts  of  Richland, 
Noble,  Union  and  Washington  townships  give  it  many  of  the  phys- 
ical characters  of  loess.  Ten  feet  will  cover  its  average  thickness 
in  Anderson  Township;  that  gradually  grows  heavier  on  the 
north,  until  it  will  measure  30  feet  or  more.  Near  the  southeast 
corner  of  the  county  the  yellow  clay  is  very  thin,  and  over  the 
line  in  Franklin  county  it  fails  as  a  factor  of  the  drift  period,  and 
leaves  the  blue  clay  exposed  as  the  surface  clay." 

Any  of  the  yellow  or  blue  clays  of  Rush  County,  when  free 
from  gravel,  can  be  readily  molded  and  burned  into  brick  or  tile. 
At  the  preseait  time  two  yards  arc  in  operation  at  Rushville.* 

^  See  statistical  table  at  end  of  paper. 
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These  use  from  four  to  six  feet  of  soil  and  underlying  yellow 
clay  without  stripping.  _ 

At  Homer  Arbuckle  &  Son  operate  a  large  factory  for  the 
making  of  drain  tile  and  hollow  building  block.  A  surface  clay 
is  used  to  a  depth  of  three  and  a  half  feet,  after  removing  three  or 
four  inches  of  black  soil.  The  value  of  the  output  in  1904  was 
$10,000. 

In  Decatur  Coimty  the  thickness  of  the  drift  is,  as  a  rule,  less 
than  50  feet,  and  at  many  places  wells  enter  rock  at  20  feet  or 
less.  One  of  the  thickest  deposits  occurs  north  of  Adams,  where, 
on  the  Robinson  farm,  a  gas  well  bore  penetrated  the  following 
strata : 

Set^iion  Throxigh  Drift  of  Bore  North  of  Adams, 

Feet, 

1.  Soil  2 

2.  Yellow  clay 17 

3.  Sand 4 

4.  Blue  plastic  clay 52 

5.  Gravel  and  sand 15 

6.  Yellow  hardpan 6 

7.  Oily  blue  hardpan 16 

8.  Coarse  gravel 15 

9.  Hard  blue  tiardpan 20 

A  typical  section  of  the  various  strata  shown  in  the  ordinary 
surface  well  of  Decatur  County  is  given  by  Dr.  Elrod  in  his 
report  on  the  geology  of  the  county,  as  follows  :* 

Section  in  Well  near  JJartMrille. 

Feet. 

1.  Soil,  mixed  with  very  little  gravel 2 

2.  YeUow  clay  with  gravel  and  small  angular  boulders 15 

3.  Black  carbonaceous  soil  with  timber 2 

4.  Blue  boulder  clay,  mixed  with  gravel  near  the  top,  and 

very  tenacious  and  plastic  at  the  bottom 5 

5.  Comiferous  limestone 4 

"Of  course,  it  is  not  to  be  expected  that  every  well  in  the 
county  that  even  reaches  down  to  the  bed  rock  will  show  all  the 
four  strata  seen  in  this  well,  as  some  one  or  more  may  be  wanting, 
but  the  order  in  which  they  occur  is  never  changed ;  blue  boulder 
clay  never  overlies  yellow  clay. 

"The  blue  boulder  clay  is  the  most  generally  present  of  any 
member  of  the  drift  series,  and  covers  the  bed  rocks  of  the  whole 
county,  except  where  it  has  been  removed  by  the  action  of  erosion. 

^Twelfth  Ann.  Rep.  Ind.  Dept.  Geol.,  18S2, 140. 
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This  clay^  weathered  and  altered  in  appearance  by  expoeizre  to  at- 
mospheric influences,  is  the  surface  soil  of  the  ^flat  woodfl/  Where 
protected  by  the  yellow  clay,  its  color  is  blue  or  drab;  where 
exposed,  weathered  to  a  grayish  white.  The  difference  in  color  is 
due  to  the  action  of  the  oxygen  of  the  air  on  one  of  its  constitu- 
ents, the  oxide  of  iron.  In  the  *flat  woods'  the  top  is  free  from 
gravel.  When  covered  with  yellow  clay,  and  the  top  has  been 
disturbed,  the  color  is  a  little  lighter  blue,  and  the 'proportion  of 
gravel  increased  near  the  line  of  junction,  but  the  true  strata  may 
be  readily  distinguished,  the  one  from  the  other.  The  consistency 
is  very  different;  the  blue  clay  is  a  uniform,  sticky,  plastic,  wet 
mass,  nearly  impervious  to  water,  the  equivalent  of  the  ^tile'  of  the 
English  geologist,  and  when  dry  a  veritable  'hardpan.'  The  yellow 
clay  is  easily  excavated,  wet  or  dry,  and,  freed  from  moisture,  is 
very  friable." 

The  weathered  white  clay  of  the  "flat  woods"  district  of  Deca- 
tur County  is  a  first-class  brick  or  tile  clay.  The  upper  or  yellow 
surface  clays,  where  sufficiently  free  from  gravel,  are  also  exten- 
sively used.  Five  or  six  small  yards  are  at  the  present  time  util- 
izing these  clays*  for  such  products.  At  Greensburg  from  18 
inches  to  two  feet  of  yellow  clay  are  used  without  stripping,  lime 
pebbles  preventing  its  use  to  greater  depth.  At  Spring  Hill,  after 
stripping  six  to  eight  inches  of  black,  sandy  soil,  the  underlying 
yellow  clay  is  used  to  a  depth  of  three  to  four  feet  in  making  drain 
tile. 

In  Ripley  County  the  drift  is  seldom  over  50  feet  in  thickness, 
and  averages  much  less,  the  thickest  beds  occurring  in  the  north- 
ern part  of  the  county.  At  Milan,  near  the  eastern  edge,  on  the 
B.  &  0.  S.-W.  Railway,  a  surface  well,  54  feet  in  depth,  showed 
the  constituents  of  the  drift  to  be  as  follows : 

Section  of  Well  on  Railway  Property  at  Milan. 

Feet, 

1.  Light  colored  clay  and  soil 11 

2.  Yellow  clay  with  flint  gravel  and  fossil  corals 12 

3.  Blue  glacial  clay 12 

4.  Coarse  yellow  sand 8 

5.  Blue  clay  containing  roots  and  limbs  of  trees 8 

This  well  is  probably  sunk  in  an  old  pre-glacial  channel,  as 
limestone  occurs  close  to  the  surface  but  a  short  distance  away. 
The  extensive  "flats"  of  the  northern  and  northwestern  por- 

*6m  itetiitioal  teble  ftt  end  of  pftper. 
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tions  of  the  county  are  composed  mainly  of  a  light-<!olored  aurf  ace 
claj;  with  a  trace  of  sand,  and  terminate  downwards  in  clay  of 
various  shades  of  color.  At  an  old  tile  and  brick  works  at  Sun- 
man  the  following  section  was  obtained  by  W.  W.  Borden  and 
given  in  his  report  on  the  county  :* 

SecUon  at  Clay  Pit  at  Svnman. 

Ftet. 

1.  Light  colored  clay  with  a  trace  of  iron,  used  for  brick ...  3 

2.  L*ight  blue  to  deep  blue  clay,  used  for  tile 4 

3.-  Ocherous  clay  with  shades  of  blue 3 

4.  Blue  and  yellow  sand  with  water, ^ 

"The  clays  throughout  the  county  have  the  same  general  ap- 
pearance^ with  a  trace  of  black  sand,  which  is  to  be  seen  in  streaks 
and  in  the  washings  on  the  roadside.  It  readily  adheres  to  the 
magnet  when  dry." 

At  the  present  time  brick  are  made  in  the  county  only  at  Bates- 
ville. 

In  Jefferson  County  the  drift  on  the  uplands,  especially  in  the 
"flats,"  runs  10  to  35  feet  in  thickness,  and  consists  mainly  of  a 
compact  clay,  the  upper  portion  being  gray  to  white  in  color, 
nearly  free  from  pebbles  and  having  an  average  thickness  of  about 
five  feet.  At  Madison  several  wells  on  a  terrace,  90  to  100  feet 
above  the  river,  have  reached  a  depth  of  120  feet  without  entering 
rock. 

At  several  places  in  the  county  there  is  exposed  between  the 
Jeffersonville  and  Niagara  limestones  a  partially  disintegrated 
clay  shale,  which  can  be  burned  into  a  variety  of  clay  wares.  The 
most  available  exposure  of  these  is  southeast  of  Dupont,  at  the 
crossing  of  the  J.,  M.  &  I.  Railway  and  Big  Creek.  Here  it 
occurs  four  to  six  feet  thick  between  two  layers  of  limestone. 

In  1895  several  days  were  spent  in  investigating  the  clays  of 
Jefferson  County,  and  a  large  number  of  samples  from  different 
parts  of  the  county  were  also  submitted  for  examination.  Of  the 
samples  submitted  but  two  or  three  were  deemed  of  commercial 
importance.  One  of  these  was  a  partially  decomposed  shale, 
found  on  the  southwest  quarter  of  section  20  (3  N.,  9  E.).  It  was 
soft,  very  plt^tic,  free  from  grit  and  of  exceedingly  fine  texture. 
A  visit  to  the  locality  showed  the  following  section  outcropping  on 
the  banks  of  a  small  creek : 


*8«Teiith  Ann.  Rtp.  Ind.  Oeol.  Starr.,  1876, 196. 
IS— G«olofy. 
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Section  on  Creek  Northwest  of  Hanover, 

1.  Soil  and  yellow  clay 3 

2.  New  Albany  shale 1 

3.  Gray  clay  2 

4.  Gray  shale 2 

5.  Dark  limestone,  undetoi-mined. 

The  clay  No.  3  is  evidently  derived  from  the  weathered  portion, 
of  the  underlying  shale.     If  both  it  and  the  shale,  No.  4,  were 
.gotten  out  in  the  autumn  and  allowed  to  weather  for  six  months 
it  would  become  soft  and  plastic  and  could  be  burned  into  excel- 
lent stoneware  and  sewer  pipe. 

Another  deposit  of  some  value  was  a  surface  clay  from  the  farm 
of  C.  H.  George,  in  section  17  (4  N.,  10  E.),  near  the  station  of 
Wirt,  on  the  J.,  M.  &  I.,  and  not  over  an  eighth  of  a  naile  from 
the  railway.  It  is  part  of  a  yellowish  surface  stratum  of  fine 
texture  and  free  from  grit  and  gravel.  A  section  at  the  point  of 
occun-ence  showed  as  follows : 

Section  near  Wirt. 

.  Feei.        Inrkei. 

1.  Surface 2  0 

2.  Red  sillclous  clay 15  0 

8.    Coarse  grayish  limestone 1  0 

4.  Chert  in  angular  fragments 0  6 

5.  Limestone 2+         0 

The  red  clay.  No.  2,  will  nuake  excellent  ordinary  or  pressed- 
f  rent  brick ;  also  roofing  and  drain  tile. 

On  the  land  of  the  same  party,  in  section  8  (4  N.,  10  E.),  is  a 
grayish  or  whitish  clay,  near  the  surface,  which  will  make  excel- 
lent drain  tile  or  ordinary  brick.  This  underlies  the  surface  soil 
over  a  large  area  in  the  neighborhood  of  Wirt  station. 

W.  A.  Law,  from  near  Deputy,  sent  in  to  this  office  samples  of 
shale  of  fair  quality  for  pressed  front  or  ordinary  brick.  He 
states  that  the  bed  from  which  samples  were  secured  runs  four 
and  a  half  feet  thick  over  an  80-acre  tract  within  three  miles  of 
the.  J.,  M.  &  I.  Railway. 

Good  tile  clay  occurs  in  abundance  near  North  Madison  and 
in  the  strip  of  flat  lands,  three  to  four  miles  in  width,  crossing  the 
county  from  northeast  to  southwest,  between  Dupont  and  Han- 
over. Two  brickyards  at  West  Madison  use  from  three  to  eight 
feet  of  "river  bank  clay,"  and  such  material  abounds  in  the  ter- 
races and  lowlands  along  the  Ohio. 
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V.     Counties  of  the  Lowee  Silurian  Area. 

The  Lower  Silurian  or  Ordovician  rooks  occur,  as  already 
noted,*  only  over  parts  or  all  of  nine  counties  in  the  southeastern 
part  of  the  State.  Of  these  the  clays  of  Eipley  and  Jefferson  have 
been  mentioned,  since  the  rocks  of  the  greater  part  of  their  sur- 
faces belong  to  the  Upper  Silurian  Period.  The  remaining  coun- 
ties will  be  grouped  and  their  surface  clay  deposits  briefly  dis- 
cussed. 

WAYNE,  FAYETTTE.  UNION,   FRANKLIN.   DEARBORN,   OHIO  AM) 

SWITZERLAND  COUNTIES. 

^  These  counties  comprise  an  area  of  1,800  square  miles,  over 
which,  with  the  exception  of  a  portion  of  northern  Wayne  and 
western  Fayette,  the  shales  and  limestones  of  the  Lower  Silurian 
Period  are  found.  The  greater  part  of  the  northern  half  of  the 
area  lies  within  the  limits  of  the  Wisconsin  glacial  deposits — 
the  southern  boundary  line  of  that  glacial  invasion  passing  in  a 
northwest-southeast  direction  through  Fayette  and  Franklin  coun- 
ties into  Ohio.  Over  the  portion  of  the  area  covered  by  that  gla- 
cier the  drift  is  much  thicker  than  over  the  southern  part,  where 
only  the  drift  of  the  earlier  Illinoian  glacier  was  deposited.  The 
only  clays  of  any  value  found  in  the  area  are  the  drift  clays  depos- 
ited where  they  now  lie  by  one  or  the  other  of  the  glaciers  men- 
tioned, or  the  alluvial  clays  along  the  lowlands  or  second  bottoms 
of  the  streams,  the  shales  of  the  Lower  Silurian  rocks  being  every- 
where too  calcareous  in  nature  for  clay  products. 

The  Niagara  limestone  occurs  beneath  the  drift  along  the  north- 
em  and  eastern  edges  of  Wayne  County,  but  the  rocks  of  the 
greater  part  of  its  area  belong  to  the  Ordovician  Period.  With 
the  exception  of  the  surface  rocks,  they  are  covered  with  150  to 
200  feet  of  drift  material.  Extensive  gravel  plains  occur  in  the 
western  and  northern  portions  of  the  county,  and  also  along  Green 
and  Noland  forks  of  the  Whitewater.  In  the  eastern  part  of  the 
county  and  on  the  uplands  between  these  gravel  plains  the  drift 
usually  consists  of  yellow  or  blue  clay.  An  average  section 
through  the  upper  portion  of  the  drift  in  this  region  would  show 
the  constituents  to  be  arranged  about  as  follows : 

*See  p.  4o. 
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Section  Through  Drift  in  Wayne  County, 

1.  Soil  2 

2.  Yettow  clay  : 16 

3.  Sand  and  gravel 10 

4.  Blue  clay  and  gravel 18 

5.  Hardpan   • 2 

6.  Sand  and  g^'avel 20 

7.  Blue  clay  and  gravel 15 

There  are  usually  two  or  three  layers  of  impervious,  compact 
blue  clays,  oftentimes  mixed  with  well-rounded  boulders  from  the 
size  of  a  small  gravel  to  six  inches  or  more  in  diameter. 

Brick  and  drain  tile  are  made  from  the  surface  clays  at  Rich- 
mond and  East  Germantown.  At  the  former  place,  after  strip- 
ping six  to  eight  inches  of  top  soil,  the  underlying  yellow  clay,  to 
the  depth  of  30  inches,  is  used  for  drain  tile,  while  at  the  princi- 
pal brick  yard  from  eight  inches  to  four  feet  of  surface  clay  is 
used  without  stripping.  At  East  Germantown  "from  one  to  four 
and  a  half  feet  of  hickory  pocket  clay,  mostly  found  where  climaps 
of  hickory  trees  grow,"  is  used  for  drain  tile  and  hollow  block, 
after  stripping  6  to  14  inches  of  sod  and  soil. 

Prof.  E.  T.  Cox,  in  his  report  on  the  geology  of  Wayne 
County,*  makes  special  mention  of  the  following  clays : 

"On  Levi  Jessup's  land,  about  one  mile  northeast  of  Richmond, 
there  is  a  fine  bed  of  potters'  clay  exposed  in  the  east  bank  of  the 
Middle  Fork  of  Whitewater.  The  following  shows  the  character 
of  the  exposure : 

SecUon  at  Clay  Pit,  One  Mile  Northeast  of  Richmond. 

Feet,        Inehm, 

1.  Sou    2  0 

2.  Sand  with  gravel  and  small  boulders 16  0 

3.  Yellow  plastic  clay,  bums  reddish 0  10 

4.  Blue  plastic  clay 8  6 

5.  Gravel,  sand  and  small  boulders 25  0 

6.  Bed  of  creek  0  0 

"The  blue  plastic  clay,  No.  4,  when  damp,  is  soft  and  cuts  like 
cheese ;  has  an  unctuous  feel,  and  a  little  grit  when  tested  with 
the  teeth.  It  bums  cream  color  and  lies  in  thin  laminss  of  about 
half  an  inch  thick,  and  dips  three  degrees  south  of  east. 

"In  a  pottery  at  Richmond,  in  which  greenhouse  flowerpots 

*TmiUi  Ann.  lUp.Ind.  G%ol.  Suit..  1878, 217. 
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and  saucers  are  made,  this  clay  is  used,  and  the  ware  has  a  very 
agreeable  cream  color.  A  great  variety  of  ornamental  hanging 
baskets  and  vases  are  also  manufactured  from  the  clay.  About 
six  tons  of  this  clay  are  used  in  a  week,  from  which  about  30,000 
flowerpots  are  made  in  the  same  time.  The  following  analyses 
show  the  composition  of  these  clays : 

Analyses  of  Clays  from  Jessup  Land,  Northeast  of  Richmond. 

YMawClay    Blue  PUutU 
M:  S.  day  Jfo.  A. 

Lobs  at  red  heat 9.60  12.60 

Silicic  add  44.50  45.30 

Ferric  oxide 16.00  13.20 

Alumina 6.80  9.60 

Calcium  carbonate 12.30  12.90 

Magnesium  carbonate 2.98 

Sulphuric  anhydride 20  .63 

Chloride  of  alkalies 3.80  2.30 

Loss  and  undetermined 6.90  .49i 

"The  yellow  clay  appears  to  contain  too  much  calcium  carbo- 
nate, ferric  oxide  and  alkalies  to  stand  a  very  high  heat." 

An  analysis  of  a  mixture  of  the  two  clays,  Noe.  3  and  4  of  the 
section,  just  as  they  occur  was  made  by  Dr.  Lyons,  and  the  chem- 
ical composition  found  to  be : 

Analysis  of  Clay  from  Jessup  Land,  near  Richmond. 

Silica  (SiOJ 67.76 

Titanium  (TIO,) 89 

Alumina  (A1,0,)  13.69 

Water,  combined 7.10 

Clay  base  and  sand 89.44 

Ferric  oxide  (Pe,Ok) 6.09 

Ferrous  oxide  (FeO) 46 

Lime  (CaO) 94 

Magnesia  (MgO)   61 

Soda  (Na,0) 61 

Potash  (K,0)   3.26 

Fluxes   10.77 

Total    100.21 

The  analysis  proves  the  clay  well  fitted  chemicaly  for  making 
flower  pots  apd  kindred  products,  dry  pressed  front  and  ordinary 
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brick.  It  will  not  make  sewer  pipe  and  other  vtirified  wares,  as 
the  percentage  of  fluxes,  notably  potassium,  is  too  high. 

In  Fayette  County  rock  is  seldom  encountered  on  the  uplands 
at  less  than  50  feet,  and  in  most  places  over  the  northern  two- 
thirds  of  the  county  the  drift  runs  100  feet  or  more  in  thickness. 
"On  either  side  of  the  Whitewater,  in  the  south  part  of  the 
county,  there  is  a  small  district  in  which  the  newer  or  Wisconsin 
Drift  is  absent,  and  a  coating  of  white  clay  or  silt  several  feet  in 
thickness  covers  the  till  of  the  earlier  or  lUinoian  invasion.  Here, 
as  has  been  noted  in  other  counties  of  Indiana,  the  older  drift  sheet 
is  much  more  highly  oxidized  and  harder  than  the  newer  sheet. 
In  the  newer  drift  wells  may  be  easily  spaded  or  bored,  while  in 
the  older  drift  a  pick  or  drill  must  often  be  used."* 

The  average  surface  well  in  the  county  will  disclose  about  the 
following  sequence  and  thickness  of  the  drift  strata : 

Average  Section  of  Wells  in  Fayette  County. 

Ftet, 

1.  Soil,  black 2 

2.  YeUow  clay 9 

3.  Blue  plastic  clay 30 

4.  Sand  or  gravel 3+ 

"The  yellow  clay  stratum  is  the  most  generally  distributed  of 
all  the  drift  strata  in  the  county,  the  blue  clay  coming  next,  and 
everywhere  present  except  in  the  creek  and  river  valleys.  No- 
where did  I  find  it  absent  and  the  blue  clay  exposed  on  the  sur- 
face. This  fact  has  an  important  bearing  on  the  agricultural  inter- 
ests of  the  county,  as  the  yellow  clay  is  always  fertile  and  the  blue 
clay  only  imperfectly  so.  As  a  surface  clay  the  latter  is  known  as 
the  white  or  ^crawfish'  lands. 

"The  blue  clay  or  hardpan  is  the  soft  or  indurated  material 
struck  in  digging  beneath  the  yellow  clay.  Generally  it  is  a  hard- 
pan  clay,  dry  and  very  difficult  to  dig,  as  it  cannot  be  penetrated 
with  a  spade,  and  the  pick  will  detach  no  more  than  the  width  of 
the  blade.  When  kept  constantly  moist  by  water  from  above  it 
may  become  softened  and  assume  the  character  of  an  unctuous 
clay.»t 

'At  Connersville  A.  Pries  &  Son  are  making  common  brick  and 

^Ltvtrett.  "  Wells  of  Soatborn  Indiana,"  in  Wa*er  Supply  and  Irrigation  Paperp,  No. 
16,  p.  35. 

tM.  N.  Elrod.    Geol.  of  Fayette  Co.    In  I4th  Ann.  Rep.  Ind.  Geol.  Surv.,  1884,  46. 
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drain  tile  from  "a  lake  deposit  (alluvial  claj),  eight  feet  thick, 
free  from  sand  or  gravel/'  while  C.  P.  Ariens  uses  four  feet  of 
yellow  surface  clay  for  common  brick.* 

On  the  farm  of  G.  C.  Parsons,  in  the  southwestern  part  of 
Fayette  County,  occur  several  deposits  of  clay  worthy  of  note. 
From  a  report  on  these  made  by  Warren  Riddell,  of  Xenia,  Ohio, 
I  quote  as  follows :  "At  one  point  on  the  farm  of  492  acred  there 
is  a  light  grayish  clay,  an  analysis  of  which  resulted  as  follows : 


A 


Analysis  of  Surface  Clay  from  Parsons  Farm. 

Lime  (CaO,) 18.50 

SUica   (SIOJ    56.40 

Alumina  (A1,0,)  16.02 

Ferric  oxide  (Fe,Oa) 6.05 

Magnesia  (MgO) trace 

Sulphuric  anhydride  (SOs). 63 

Alkalies 1.15 

Lobs  on  ignition 1.00 

"This  clay  is  evidently  a  very  fine  deposit  of  cement  material 
when  combined  with  the  proper  stone.  It  contains  scarcely  any 
grit  and  is  free  from  many  of  the  injurious  impurities  usually 
present  in  such  clays,  and  would  indicate,  when  combined  and 
ground  with  the  proper  rock,  a  cement  answering  all  the  require- 
ments of  the  best  hydraulic  slow  setting  cements. 

"It  was  found  that  this  clay  was  a  formation  of  successive  lay- 
ers, and  extends  for  the  full  width  of  a  low  swale  or  basin,  40  to 
60  feet  wide.  There  is  an  average  of  from  one  and  a  half  to  two 
feet  stripping  on. top,  and  it  is  so  located  as  to  be  easily  and  con- 
veniently handled.  A  large  amount  of  what  is  evidently  the  same 
material  was  found  at  several  other  points. 

.  "One  of  the  most  interesting  deposits  on  the  farm  is  at  the 
extreme  northeastern  corner.  Here,  along  a  deep  gully  or  ravine, 
is  deposited  a  rich  brown  clay,  partaking  of  the  qualities  of  soap- 
stone,  and  running  in  layers  or  seams.  A  hole  was  dug  to  the 
depth  of  ten  feet.  Each  layer  taken  out  seemed  richer  than  the 
last.  A  sample  of  this  clay  was  sliced  down  in  very  thin  layers 
and  dried  without  any  indications  of  a  check,  being  absolutely 
without  grit.  The  dried  sample  is  susceptible  of  a  very  fine  polish. 
When  burned  it  varies  from  a  pale  pink  to  deep  maroon  in  color, 

*  See  statifltioal  table  at  end  of  paper. 


440  BXPOBT  OF  STATE  OBOLOOI8X. 

owing  to  the  amount  of  heat  and  the  time  it  is  burned.  I  am 
quite  sure  of  the  commercial  value  of  this  clay,  both  as  a  terra 
cotta  and  a  face  brick  clay^  and  possibly  as  a  vitrifier,  samples 
being  shown  me  perfectly  vitrified.  This  clay  runs  from  16  to  60 
feet  deep,  and  has  a  cover  of  from  two  to  three  feet  on  an  average 
above  it,  which  would  have  to  be  removed." 

Just  east  of  the  Parsons  land,  on  the  farm  of  W.  F.  Limpus,  sec- 
tion 28  (13  X.,  12  E.),  one  and  a  half  miles  west  of  Alpine,  a 
station  on  the  Big  Four  Railway,  occurs  another  thick  deposit  of 
a  somewhat  similar  silty  or  marly  clay*  .  The  top  or  light  colored 
stratum  runs  about  30  feet  in  thickness,  and  has  a  total  exposure 
on  the  north  side,  with  little  or  no  stripping.  The  darker  blue,  al- 
most black  stratum,  lying  beneath,  continues  down  to  the  creek 
bed,  a  distance  of  about  40  feet.  This  clay  will  doubtless  be 
found  suitable  for  the  making  of  terra  cotta  lumber  and  other  fire- 
proof products.  On  account  of  the  high  percentage  of  lime  pres- 
ent, it  can  not  be  made  into  vitrified  material.  It  can  also  be  used 
as  a  polishing  powder  and  for  making  ordinary  brick,  but  the 
brick  will  be  of  a  light  color,  due  to  the  large  amount  of  lime. 

In  Union  County  the  drift  is  suflScient  in  thickness  to  give  a 
smooth  surface  to  what  would  otherwise  be  a  hilly  district.  It 
runs  from  20  to  40  feet  on  the  uplands  and  as  high  as  200  feet 
in  the  lower  valleys.  In  the  eastern  part  of  the  county  the  yellow 
,  clay  runs  12  to  15  and  the  blue  40  to  80  feet  in  thickness.  The 
upper  portion  of  the  yellow  clay  is  free  from  pebbles  and  suit- 
able for  brick  and  drain  tile  in  many  localities,  but  there  is  at 
present  not  a  clay-working  factory  in  the  county. 

Only  a  small  portion  of  Franklin  County  lies  within  the  limits 
of  the  Wisconsin  glacial  invasion,  the  line  of  its  southern  boun- 
dary passing  across  the  northeastern  and  touching  the  northwest- 
ern corners  of  the  county.  The  older  sheet  of  drift,  covering 
the  greater  part  of  the  county,  has  for  its  surface  a  deposit  of 
white  clay  several  feet  in  thickness.  This  represents  the  under- 
lying blue  clay  found  in  the  counties  to  the  westward.  On  the 
higher  uplands  surface  rock  is  often  struck  at  a  depth  of  10  feet 
or  less,  but  in  the  valleys  the  xlrif t  reaches  a  thickness  of  50  feet. 
The  older  drift  is  everywhere  harder  and  more  deeply  oxidized 
than  the  newer. 
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Clay  of  good  quality  for  the  making  of  brick  or  tile  occurs  in 
all  parts  of  the  county.  On  the  uplands  the  fine-grained,  grayish- 
white  clay,  above  mentioned,  is  suitable,  while  on  the  lowlands 
of  the  Whitewater  the  alluvial  clays  will  make  as  good,  if  not  bet- 
ter, wares. 

But  two  factories  are  at  present  operating  in  the  county.  The 
larger  of  these,  that  of  A.  Fries  &  Sons,  at  Brookville,  uses  from 
5  to  15  feet  of  very  plastic  alluvial  clay  from  the  Whitewater 
Valley  in  making  building  brick,  the  output  being  660,000  in 
1904. 

In  Dearborn  County  the  drift  is  wholly  that  of  the  earlier  Illi- 
noian  glacial  sheet.  On  the  higher  parts  of  the  uplands  the  drift 
runs  but  10  to  20  feet  in  thickness,  and  is  covered  with  a  deposit  of 
white  clay,  nearly  free  from  pebbles,  which  has  an  average  thick- 
ness of  about  five  feet.  In  the  valleys  from  75  to  100  feet  of  drift 
is  common. 

Suitable  material  for  brick  and  tile-making  occurs  in  various 
parts  of  the  county.  The  grayish-white  clay  of  the  uplands  is 
generally  free  enough  from  impurities  for  the  purpose,  while 
along  the  terraces  and  lowlands  of  the  Ohio  there  is  abundance 
of  material.  At  the  present  time  these  clays  are  utilized  only 
at  Lawrenceburg  and  Aurora,*  brick  being  made  on  a  large  scale 
at  both  places.  At  Lawrenceburg  "Ohio  River  bottom  clay  to  a 
depth  of  25  feet''  is  used,  the  output  in  1904  being  3,250,000 
brick.  At  Aurora  brick  to  the  number  of  1,700,000  were  made 
from  a  "sandy,  loamy  clay,  20  feet  deep." 

In  Ohio  County  the  available  clays  are  very  similar  to  those  of 
Dearborn,  the  white  drift  clays  occurring  over  the  more  level 
uplands  and  the  alluvial  deposits  in  the  terraces  and  lowlands 
along  the  river.  At  Rising  Sun  brick  were  formerly  made  from 
clay  taken  from  a  river  terrace.  The  upper  part  contained  too 
little  sand,  but  by  mixing  with  a  lower  stratum  clay  of  good  brick- 
making  composition  was  obtained.  At  the  present  time  there  is 
not  a  clay-working  industry  in  the  county. 

In  Switzerland  County  the  same  conditions  exist,  the  unstrati- 
fied,  grayish-white  clay,  three  to  five  feet  thick,  being  found  over 
the  more  level  uplands,  and  good  alluvial  clay  along  the  terraces 

*  Sec  statistioal  table  al  end  of  paper. 
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and  lowlands.  Brick  were  made  for  a  long  time  from  the  terrace 
clays  at  Vevay,  but  neither  brick  nor  tile  factory  is  at  present 
operated  in  the  county.  Mr.  K.  B.  Warder,  in  his  report  on  the 
geology  of  the  county,*  states  that  "red  pottery  ware  was  made 
at  Vevay  50  years  ago,"  and  also  that  "where  the  river  terrace 
slopes  toward  the  hill,  as  at  Vevay,  a  stiff  blue  clay  sometimes 
occurs  which  may  bo  derived  from  the  native  marl  wkshed  from 
the  hillsides.  This,  mixed  with  sand,  is  recommended  for  setting 
grates.  It  is  said  to  be  better  for  steamboat  furnaces  than  genu- 
ine fire-clav." 


•  Geol.  Surv.  of  Ind.,  1872, 418. 
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VI.     Counties  of  the  Deep  Drift  Covered  Are^. 

The  list  of  counties  comprising  this  area  was  given  on 
page  41  of  Section  II.  In  but  few  localities  in  the  entire  area 
is  any  surface  rock  exposed  to  view,  the  drift  being  too  thick  for 
the  streams  to  have  reached  its  bottom  since  the  close  of  the 
glacial  epoch.  As  a  consequence,  the  drift  clays  and  their  second- 
ary deposits,  the  alluvial  and  marly  clays,  form  the  only  commer- 
cially available  clay  working  materials  of  the  region. 

be:nton  county. 

Benton  County  comprises  an  area  of  414  square  miles  of  the 
the  most  fertile  portion  of  northwestern  Indiana.  It  lies  on  the 
western  border  of  the  State  and  is  the  third  county  south  from 
Lake  Michigan.  Its  entire  surface  is  a  gently  rolling  prairie 
broken  only  by  three  prominent  morainic  ridges  which  run  in 
an  easterly  and  westerly  direction  across  its  area.  Standing  upon 
one  of  these  ridges  near  the  center  of  the  county,  one  can  behold 
the  undulating  prairie  spreading  away  in  all  directions  like  the 
billows  of  the  ocean.  Timbered  groves — island  like — dot  here 
and  there  its  surface,  and  well  built  farmhouses  with  surround- 
ing orchards  are  seen  on  every  side.  No  finer  body  of  farming 
land  exists  in  the  Mississippi  Valley  than  these  rolling  plains  of 
Benton  County. 

The  soil  is  everywhere  a  rich  black  loam,  composed  of  the  re- 
mains of  plants  which  have  decayed  under  water,  and  of  silt 
which  has  been  mixed  with  them  by  slow  decomposition.  For, 
after  the  recession  of  the  great  ice  sheet  which  covered  the  under- 
lying rocks  with  a  thick  deposit  of  boulder  clay,  all  these  prairies 
were  covered  with  shallow  lakes,  which  by  natural  causes  were 
gradually  drained.  In  the  first  settlement  of  the  county  many 
of  the  prairies  were  too  wet  for  cultivation,  and  a  number  of 
marshes  which  had  not  yet  reached  the  stage  of  "wet  prairies" 
were  scattered  at  intervals  within  its  bounds.  To  properly  drain 
these  wet  regions  was  for  years  the  chief  problem  of  the  land 
owners.  This  has  been  accomplished  by  the  construction  of  a 
great  system  of  surface  ditches  which  ramify  throughout  every 
portion  of  the  county.     These  have  necessitated  the  using  of  an 
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immense  quantity  of  drain  tile.  The  manufacture  of  this  tile 
has  been  the  chief,  and  up  to  1904,  practically  the  only  clay 
industry  in  the  county;  but  the  demand  has  recently  fallen  off 
to  such  an  extent  that  several  of  the  larger  factories  have  been 
abandoned. 

The  clays  of  Benton  County  are  all  of  them  of  glacial  origin. 
They  lie  immediately  beneath  the  black  prairie  loam,  and  vary 
in  known  thickness  from  five  to  130  feet.  When  first  deposited 
by  the  melting  ice,  these  clays  were  a  uniform  blue  in  color.  In 
the  course  of  time,  however,  the  upper  portions  of  the  clay  beds 
have  been  percolated  by  waters  containing  humic  acids  and  other 
substances  from  the  decaying  vegetation  above.  These  have 
changed  the  ferrous  or  lower  oxide  of  iron  to  the  ferric  or  higher 
oxide.  As  a  result,  the  upper  five  to  20  feet  or  more  of  the  clay 
is  now  a  brownish  yellow.  There  is  often  a  sharp  line  of  divison 
between  the  yellow,  weathered  portion  and  the  blue  or  unweath- 
ered  part  of  the  clay.  The  latter  is  usually  the  more  plastic  and 
the  better  in  quality. 

The  best  deposit  of  clay  in  Benton  County,  so  far  as  known, 
is  the  one  at  Earl  Park,  on  the  Chicago  Division  of  the  Big  Four 
Railway,  now  worked  by  J.  J.  Holtara.  A  section  obtained  at 
the  pit  showed  as  follows: 


» 


SecHcn  of  Clay  Pit  at  Earl  Park, 

1.  Soil,  stripped  for  worlcing 0  8 

2.  Coarse   grained   yellow    clay,    with    many    small 

pebbles 4  0 

3.  Fine  grained  drab  clay 8  0 

4.  Blue  clay,  marly,  fine-grained 38  0 

5.  Limestone ?  0 

No.  2  of  this  section  contains  little  lime,  except  what  is  in  the 
pebbles.  It  is  more  refractory  than  the"  clays  of  the  lower  strata, 
but  the  lime  and  other  pebbles  must  be  removed  or  crushed,  else 
they  will  spoil  all  wares  produced  from  it. 

The  clay  of  stratimi  No.  3  is  very  similar  to  that  of  No.  4, 
except  in  color.  Its  lighter  hue  is  due  to  leaching  waters.  The 
sediment  of  which  the  two  strata  are  composed  was  probably 
deposited  in  still  water  by  a  stream  from  the  retreating  ice  sheet. 
They  contain  an  occasional  drift  pebble,  but  no  large  number  of 
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small  limestone  pebbles,  as  does  the  upper  stratmn.  Both  are 
very  fine  grained;  effervesce  freely  with  acids,  and  are  to  be 
classed  as  marly  clays.  They  probably  contain  about  eight  per 
cent,  of  carbonate  of  lime  and  magnesia  in  addition  to  the  other 
fluxes.  For  this  reason  vitrified  products  of  high  quality  can  not 
be  made  from  them.  Mixed  with  the  upper  clay,  No.  2,  they 
will  withstand  more  heat.  From  them  alone  can  be  made,  how- 
ever, good  pressed  front  brick,  terra  cotta  lumber,  drain  tile  and 
ordinary  building  brick. 

At  the  present  time  only  drain  tile  and  stiff  mud  ordinary  brick 
are  made  by  Mr.  Holtam,  the  former  from  a  mixture  of  all  the 
clays,  the  latter  from  the  two  upper  strata.  A  Potts  disintegrator 
is  used  to  separate  the  pebbles  and  a  J.  D.  Fate  stiff  mud  brick 
and  tile  machine  for  making  the  wares.  For  drying  the  latter, 
four  floors  are  used,  each  60x90  feet,  heated  by  steam  pipes ;  and 
for  burning,  four  down-draft  kiluB,  each  of  which  hold  40,000 
brick.* 

The  following  is  the  daily  capacity  of  the  different  sizes  of  tile 
made  on  a  Fate  brick  and  tile  machine  at  the  Earl  Park  Works, 
and  the  price  of  tile  at  that  place  in  1904.  Fifteen  tile  of  any 
size  equal  one  rod  in  length: 

Situ,  DaUv  CapaeUW'     PrietpwlfiOO, 

4  inch 10.000  ?13  50 

5  inch 7,000  19  00 

6  inch 5,000  26  00 

7  inch 3,500  34  00 

8  inch 3,000  40  00 

10  inch 2,500  00  00 

12  inch 2,000  80  00 

14  inch 1,200  115  00 

At  Lochiel,  on  the  0.  &  E.  I.  Eailway,  drain  tile  were  made 
for  a  number  of  years  by  the  Lochiel  Tile  Company.  The  mate- 
rial used  was  a  stiff,  dark  colored  drift  clay,  which  contains 
numerous  small  pebbles  of  lime.  It  is  rather  coarse  grained  and 
resembles  the  upper  stratum  at  Earl  Park  in  containing  too  small 
an  amount  of  disseminated  lime  to  effervesce  with  acids.  Six 
inches  of  soil  were  stripped  and  the  clay  used  only  to  a  depth  of 
four  feet.  It  was  hauled  in  carts  to  the  plant  and  passed  through 
a  crusher,  and  theii  through  an  Adrian  brick  and  tile  machine. 

*S««  itatiitioal  table  at  end  of  paper. 
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Experiments  in  making  pressed  brick  were  tried,  but  the  brick 
were  too  brittle  and  the  clay  in  general  too  coarse.  Some  hollow 
brick  of  good  quality  for  foundation  work  have  been  made  at  this 
place.  This  company  at  one  time  produced  the  second  largest 
output  of  tile  of  any  in  the  county,  but  the  demand  gradually 
decreased  and  the  factory  finally  shut  down.  If  the  clay  were 
properly  crushed,  a  good  grade  of  tile  could  be  made  at  Lochiel, 
but  the  qualities  of  the  clay  are  not  of  the  best  for  the  making 
of  other  wares. 

For  a  number  of  years  both  brick  and  drain  tile  were  made 
at  Fowler,  the  county  seat.  The  material  used  was  a  rather 
coarse  grained,  hard-pan  or  "drift  clay"  very  similar  to  that  at 
Lochiel,  but  containing  a  much  smaller  number  of  lime  pebbles. 
Five  feet  of  clay  were  utilized  after  six  inches  of  soil  had  been 
stripped.  This  factory  has  not  been  operated  since  1900.  Ample 
dry  sheds  and  three  round  down-draft  kilns  of  standard  size  are 
yet  in  place. 

At  Oxford  John  Lawson  made  drain  tile  on  a  small  scale  for 
20  years,  but  closed  his  factory  in  1903.  On  his  tile  yard  was  a 
flowing  well  50  feet  deep,  which  pierced  the  gravel  beneath  the 
blue  clay.  The  clay  for  tile  was  gotten  from  low  ground.  Eight 
inches  of  soil  were  stripped  and  16  inches  of  a  blackish  sedimen- 
tary clay  wholly  free  from  lime  pebbles  were  first  taken  out. 
This  was  mixed  with  three  feet  of  underlying  yellowish  clay,  then 
passed  through  a  crusher  and  made  into  tile  on  a  Hooeier  tile 
machine. 

At  Otterbein  tile  have  been  made  by  Wm.  Lawson  since  1891. 
After  stripping  10  to  12  inches  of  black  soil,  a  yellow  surface 
clay  three  feet  in  thickness  is  used.  This  is  passed  through  a 
Wallace  crusher  and  then  through  a  Little  Wonder  tile  machine. 
The  output  in  1904  was  valued  at  $5,100. 

Other  tile  factories  at  Templeton,  Wadena  and  Boswell  have 
been  abandoned  in  recent  years.  The  reason  for  this  abandon- 
ment, as  well  as  that  of  the  decreased  output  of  all  other  fac- 
tories are  two,  viz.,  the  gradually  decreasing  amount  of  lands 
needing  drainage,  and  the  selling  in  Benton  County  of  tile  from 
Summitville,  Montezmua  and  other  points  in  the  natural  gas- 
and  coal  fields,  cheaper  than  they  could  be  there  manufactured 
at  a  living  profit. 
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On  the  whole,  it  may  be  said  that  the  clay  resources  of  Benton 
County  are  inferior  in  value  to  those  of  the  counties  in  the  coal 
bearing  area  of  Indiana,  or  of  some  of  the  counties  adjacent  to 
Lake  Michigan.  But  what  the  county  lacks  in  clays  it  far  more 
than  offsets  in  the  richness  and  productiveness  of  its  prairie  soils. 

NBWTON  COUNTY. 

Newton  County  comprises  400  square  miles  of  northwestern 
Indiana,  lying  adjacent  to  the  Illinois  line,  north  of  Benton  and 
west  of  Jasper  counties.  The  Kankakee  River  forms  its  northern 
boundary  and  drains  the  northern  half  of  its  area.  The  Iroquois 
Eiver  flows  across  the  southern  half  of  the  county  from  east  to 
west.  It  forms  the  northern  boundary  of  that  magnificent  prairie 
region  which  embraces  the  southern  third  of  Newton  and  all  of 
Benton  counties.  North  of  the  Iroquois  are  also  some  fine 
prairies  which  extend  to  the  southern  border  of  McClellan  and 
Colfax  townships. 

With  the  exception  of  about  25,000  acres,  formerly  compris- 
ing Beaver  Lake,  the  surface  of  the  four'  northern  townships  of 
Newton  County  is  covered  with  loose  sand.  Up  to  the  present, 
this  sandy  area  has  been  deemed  comparatively  worthless  for 
agricultural  purposes,  but  the  time  will  soon  come  when,  by 
proper  cultivation,  it  will  be  made  to  yield  handsome  returns  in 
small  fruits  and  certain  vegetables.  The  area  covered  by  Beaver 
Lake  was  long  since  drained  into  the  Kankakee  and  now  com- 
prises one  of  the  most  productive  regions  of  the  county. 

The  clays  of  Newton  County  are  all  of  them  drift  clays  or 
marly  clays.  They  were  deposited  either  by  the  melting  ice  or 
by  the  still  water  of  the  numerous  shallow  lakes  which  for  cen- 
turies immediately  following  the  glacial  period  covered  the 
greater  portion  of  the  county.  In  many  places  they  cover  the 
uppermost  rocks  to  a  depth  of  120  to  140  feet,  and  in  but  a  few 
known  places  are  they  less  than  10  feet  in  thickness.  The  north- 
ern third  of  the  county  was  not  visited  since  it  is  so  covered  with 
sand  and  lacking  in  railway  facilities  for  transporting  clay  prod- 
ucts. The  fine  grained  blue  clay  common  to  the  region  will  doubt- 
less be  found  to  underlie  all  of  this  sandy  area  to  a  great  depth. 

In  the  vicinity  of  Kentland  there  are  no  clay  factories,  and  no 
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openings  where  the  strata  of  underlying  clay  are  exposed.  The 
record  of  the  well  in  the  public  square  shows,  the  blue  glacial 
clay  to  be  146  feet  in  thickness.  At  Kent^s  warehouse  it  was 
80  feet,  and  on  Kent's  farm;  two  miles  southwest  of  Kentland, 
section  29  (27  N.,  9  W.),  50  feet  in  thickness. 

A  brick  yard  was  for  some  time  located  on  the  north  side  of 
the  Iroquois  River,  where  the  road  running  north  from  Kentland 
crosses  that  stream,  southwest  quarter  section  34  (28  N.,  9  W.). 
The  clay  is  yet  exposed  in  a  cut  by  the  roadside  to  a  depth  of 
five  feet.  It  is  a  fine  grained,  reddish,  loamy  clay,  free  from 
pebbles  and  lime,  and  will  withstand  much  heat  when  burned. 
It  should  make  excellent  ordinary  brick,  but  is  not  suited  for 
drain  tile  on  account  of  the  large  amount  of  free  silica  which  it 
contains. 

At  Morocco,  in  the  south  half  of  section  21  (29  N.,  9  W.),  Dar- 
roch  Bros,  operated  a  brick  and  tile  yard  for  a  number  of  years. 
The  firm  had  their  plant  very  well  fitted  with  machinery,  but 
were  unfortunate  in  the  selection  of  their  clay.  Seven  inches 
of  soil  were  stripped  and  three  feet  of  brownish  drift  clay  util- 
ized. It  was  very  full  of  lime  pebbles,  and  for  that  reason  the 
brick  and  tile  were  of  poor  quality.  One  hundred  yards  north 
of  their  plant  the  blue  clay  comes  within  five  feet  of  the  surface 
and  will  make  a  qiuch  better  tile,  but  they  will  be  a  yellowish 
white  in  color.  Two  well  sections  at  Morocco  show  this  blue  clay 
to  be  113  and  120  feet  in  thickness,  very  fine  grained  and  very 
plastic. 

A  much  better  clay  for  tile  and  brick  making  occurs  at  Beaver 
City,  and  has  been  worked  since  1893.  The  section  at  the  pit 
is  as  follows: 

Section  at  Clay  PU  at  Beaver  City, 

Feet.         Inckee. 

1.  Soil,  stripped  0  6 

2.  YeUowish  E(andy  clay  3  6 

3.  Tough  bluish  clay  4  6 

Wares  made  from  the  above  yellowish  clay  air  crack  in  drying, 
especially  if  exposed  to  the  wind.  When  the  yellow  clay  is  mixed 
with  the  blue,  this  is  prevented.  The  blue  clay  has  been  proven 
by  a  bore  to  be  140  feet  in  thickness.  But  little  trouble  is  had 
with  lime  pebbles,  as  comparatively  few  are  present.     The  clay 
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IS  thoroughly  moistened,  pufirs^ed  and  crushed  before  entering  the 
machine.  The  mixture  bums  red,  and  the  owner  claims  that  red 
tile  sell  much  better  than  white,  as  they  stand  freezing  better. 

At  Mt.  Ayr,  on  the  La  Crosse  Branch  of  the  0.  &  E.- 1.  Eail- 
way,  a  grayish  blue  clay  comes  close  to  the  surface  in  a  marshy 
field  in  the  eastern  outskirts  of  the  town,  and  is  worked  into 
brick  and  tile  by  Stucker  &  Coovert.  It  is  fine  grained  and 
tough,  but  contains  occasional  botryoidal  masses  of  pure  amor- 
phous carbonate  of  lime  the  size  of  a  marble  or  smaller.  No  true 
pebbles  of  lime  are  found  in  the  clay  and  a  similar  occurrence  of 
amorphous  lime  was  noted  nowhere  else  in  northwestern  Indiana. 
The  clay  itself  possesses  scarcely  enough  lime  in  its  composition 
to  cause  an  effervescence  with  acids,  and  burns  a  bright  red. 
Four  to  six  feet  of  it  are  used,  the  deeper  portions  burning  to 
wares  of  a  lighter  color.  If  the  lime  above  mentioned  was  absent, 
the  clay  would  be  of  most  excellent  quality  for  drain  tile,  flue 
linings  and  fire-proofing.  The  plant  has  not  been  in  operation 
for  two  years,  but  will  start  again  in  the  spring  of  1905. 

The  largest  and  best  equipped  clay  factories  in  Newton  County 
and  among  the  best  in  northern  Indiana,  are  those  of  the  Brook 
Terra  Cotta  Tile  and  Brick  Co.,  at  Brook,  a  station  on  the  C. 
&  E.  I.  Railway.  Two  factories  are  in  operation,  one  on  the 
south  and  the  other  on  the  north  side  of  the  town.  Thei  south 
factory  was  started  about  15  years  ago  by  J.  H.  Haynes,  Presi- 
dent and  manager  of  the  company.  In  1901  the  business  had 
so  grown  that  a  company  was  organized  under  the  title  given, 
and  a  new  plant  built  on  the  north  side  of  the  town,  where  there 
was  more  room  'and  a  larger  deposit  of  clay.  At  the  time  of 
my  visit  a  sectioh  at  their  pit  just  southeast  of  the  old  factory, 
northwest  quarter  of  section  20  (28  N".,  8  W.),  showed  as  follows : 

Section  at  Clay  Pit  of  South  Brick  and  Tile  Factory  at  Brook, 

Fmt, 

1.  Black  soil  1 

2.  Yellowish  loamy  clay 2 

3.  Grayish  or  drab  marly  clay 5 

4.  Tough  blue  marly  clay 4 

5.  Gravel  and  sand ? 

The  entire  deposit  was  evidently  laid  down  in  still  water  in- 
stead of  being  dropped  by  melting  ice.     As  a  consequence  but 

2^Qeologry, 
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little  trouble  is  experienced  with  lime  pebbles.  From  a  portion 
of  the  soil  and  the  loamy  clay,  No.  2,  ordinary  red  brick  and  drain 
tile  were  made  for  a  number  of  years.  In  1895  the  company 
began  to  utilize  the  upper  marly  clay,  No.  3,  in  making  terra 
cotta  lumber  for  the  Chicago  market.  This  clay  is  a  silt,  the 
lower  part  of  the  stratum  being  in  thin  layers  with  a  coating 
of  sand  between  them.  An  incomplete  analysis  shows  that  it  con- 
tains about  10  per  cent,  of  magnesium  and  lime  carbonates. 

From  the  blue  clay,  No.  4  of  the  section,  flue  linings,  solid 
fire-proofing,  furring  brick  and  foundation  brick  are  made.  This 
clay,  as  well  as  No.  3,  burns  to  a  cream  color  on  account  of  the 
large  percentage  of  lime  which  it  contains. 

The  clay  used  at  the  new  factory  is  very  similar  to  that  at  the 
old,  but  the  deposit  covers  a  much  larger  area. 

For  nearly  20  years,  and  until  1900,  the  Goodland  Tile  Com- 
pany made  drain  tile,  hollow  and  ordinary  brick  at  Goodland,  in 
the  southeast  comer  of  Newton  County.  The  clay  which  was 
mostly  used  is  peculiar  for  this  region  of  the  State  in  that  it 
is  a  pinkish  red  in  color.  It  resembles  closely  the  clay  of  the 
same  color  found  near  Freedom,  Owen  County,*  which  is  quite 
largely  used  in  the  making  of  encaustic  tile  and  terra  cotta.  Both 
are  very  fine  grained,  free  from  grit  and  pebbles,  and  exceedingly 
tough  and  plastic  The  clay  at  Goodland  effervesces  rather  freely 
with  muriatic  acid,  showing  that  it  contains  several  per  cent,  of 
lime  carbonate,  while  on  that  from  Owen  County  acid  has  no 
effect.    The  latter  is,  therefore,  much  the  more  refractory. 

A  section  of  the  old  clay  pit  at  Goodland  shows  as  follows : 

Section  of  Clay  Pit  at  Goodland. 

Feet, 

1.  Soil  1 

2.  Grayish  pebbly  hardpan  or  drift  clay 3 

3.  Pink  clay   ; 6 

4.  Blue  clay  merging  into  shale 7 

The  pink  clay  covers  a  large  area  southeast  of  Goodland,  south- 
west quarter  section  25  (27  N.,  8  W.),  on  the  land  of  W.  J. 
Stewart.  Burned  by  itself,  it  produces  ware  of  a  dark  red  color. 
Mixed  with  the  overlying  grayish  clay,  it  bums  brown.  Drain 
tile  made  from  it  are  very  hard  and  ring  when  struck,  as  though 

*fi%p  iip4«r  Oia^i  of  Owen  Ooiinty,  p.  221, 
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composed  of  iron.  On  account  of  its  tough,  plastic  condition  it 
is  apt  to  twist  and  shrink  undeor  the  influence  of  great  heat.  It 
must  be  thoroughly  moistened  in  a  pug  mill,  as  it  is  too  tough 
to  work  dry.  When  properly  tempered  or  weathered  it  does  not 
air  crack  in  drying.  It  possesses  all  the  properties  of  an  excellent 
modeling  clay,  and  is  of  too  high  a  grade  to  be  used  only  for 
brick  and  drain  tile. 

From  what  has  been  stated  it  will  be  seen  that  the  clays  of 
Newton  County  are  more  varied  in  character  and  of  better  aver- 
age grade  than  those  of  Eenton.  Good  deposits  of  marly  clay, 
suitable  for  terra  cotta  lumber,  doubtlcBS  occur  along  the  Iro- 
quois River,  east  and  west  of  Brook.  Three  railways  pass  through 
the  county  and  its  proximity  to  the  coal  fields  of  both  Indiana 
and  Illinois  renders  cheap  fuel  a  certainty.  There  is  no  reason 
why  additional  large  clay  industries  should  not  start  up  and  flour* 
ish,  especially  at  Qoodland  and  Brook. 


I/AKB  AND  PORTER  COUNTIES. 


<-  r-: 


These  two  counties  comprise  an  area  of  920  square  miles  in 
the  extreme  northwestern  corner  of  the  State.  They  lie  north 
of  the  Kankakee  Eiver,  south  of  Lake  Michigan,  and  east  of 
Cook,  Will  and  Kankakee  counties,  Illinois.  Their  area  em- 
braces  three  distinct  belts  or  regions,  each  with  weU  marked  snr- 
face  characteristics.    These,  briefly  described,  are  as  follows : 

1.  TAe  Calumet  or  Northern  Region,  so  called  because  the 
Calumet  River  flows  east  and  west  through  its  full  width,  com- 
prises approximately  250  square  miles,  162  of  which  are  in  Lake 
County  and  88  in  Porter.  On  the  western  border  of  Lake  this 
belt  is  15  miles  wide,  but  it  narrows  as  it  passes  to  the  northeast 
until  it  is  but  eight  miles  in  width,  where  it  passes  into  Porter 
County,  and  but  seven  miles  where  it  leaves  that  county  at  the 
northeastern  comer.  This  region  is  almost  wholly  sand  covered. 
Along  the  northern  edge  thei  sand  is  mainly  in  high  dunes  or 
hills,  whose  elevations  and  positions  are  continuously  being 
changed  b^the  wind ;  while  over  the  southern  portion  it  is  thrown 
up  to  a  height  of  six  to  15  feet  above  the  surrounding  surface. 
In  many  places  these  deposits  are  spread  out  over  an  area  a  half 
a  mile  or  more  wide,  in  the  form  of  small  parallel  ridges  with 
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numerous  depressions  or  sags  intervening.  This  region  owes  its 
surface  configuration  partly  to  a  former  extension  of  Lake  Mich- 
igan southward,  and  partly  to  the  actiom  of  the  wind  on  the 
sand  thrown  up  by  the  present  lake. 

2.  The  Morainic  or  Middle  Region. — Four  hundred  and 
eighty-five  square  miles  of  the  surface  of  the  two  counties  are 
comprised  in  this  belt,  about  250  of  which  lie  in  Lake,  and  the 
remainder  in  Porter.  The  higher  altitude  and  mere  rugged  sur- 
face! of  this  area  is  due  to  its  being  covered  with  a  much  thicker 
mass  of  glacial  debris,  which  was  dropped  where  it  now  lies  by 
a  lobe  of  the  great  Laurentian  ice-sheet.  Since  its  deposition, 
its  surface  has  been  modified  only  by  wind,  frost  and  erosion  by 
small  streams.  On  the  western  border  of  Lake  County  this  belt 
of  drift  is  17  miles  in  width.  Where  it  passes  into  Porter  County 
its  width  is  approximately  the  same.  In  that  county  it  trends  to 
the  northeast  and  gradually  narrows  until  at  the  point  where  it 
leaves  the  coimty  it  is  but  seven  miles  in  width. 

8.  The  Kankakee  Basin  or  Southern  Region. — The  remain- 
iug  185  square  miles  of  the  two  counties  are  comprised  in  this 
region^  80  of  them  lying  in  Lake  County  and -105  in  Porter. 
In  the  former  county  most  of  this  area  is  marsh  land,  which  up 
to  the  present  has  not  been  drained  sufficiently  for  thorough 
cultivation.  In  Porter  County  the  marsh  area  is  much  lees,  a 
large  part  of  the  Kankakee  basin  being  composed  of  rich  and, 
at  present,  well  drained  prairie  lands. 

The  Middle  Region  and  the  drained  portion  of  the  Southern 
Region  are  especially  noted  for  their  production  of  hay.  The 
marsh  lands  of  the  Kankakee,  when  drained  and  fertilized  with 
some  salt  of  potash,  which  in  their  mucky  portions  is  the  lacking 
element  of  plant  food,  are  destined  to  become  as  productive  as 
any  lands  of  the  State. 

The  railway  facilities  of  these  two  counties  are  unequaled  in 
Indiana.  Nine  great  trunk  lines  cross  both  counties  from  east 
to  west  and  in  Lake,  the  C,  I.  &  L.  (Monon)  runs  almost  the 
full  length  of  the  county  from  north  to  south.  The  two  counties 
thus  stand  at  the  main  door  of  entry  into  Chicago.  Across  their 
bounds  all  passengers  to  and  from  that  city  to  the  eastern  states 
must  travel.  Besides  these  ten  great  systems,  five  belt  railways, 
each  connecting  with  almost  all  the  roads  entering  Chicago,  9ross 
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a  portion  or  all  of  Lake  County,  and  one  of  them,  the  E.,  J.  & 
E.,  extends  nine  miles  into  Porter.  The  principal  business  of 
these  belt  roads  is  the  transferring  of  freight  from  the  main 
trunk  lines  east  of  Chicago  to  similar  lines  running  west  from 
that  city.  Crossing  and  intersecting  as  they  do,  the  Calumet 
region,  they  give  to  that  area  most  excellent  shipping  facilities. 
Many  capitalists  have,  of  recent  years,  availed  themselves  of  these 
facilities,  and  about  Hammond,  East  Chicago,  Whiting,  Indiana 
Harbor,  Hobart,  Porter  and  Chesterton  have  been  located  some 
of  the  largest  and  most  flourishing  factories  in  Indiana.  In  fact, 
its  many  railways,  its  proximity  to  Chicago,  and  the  cheap  prices 
at  which  factory  sites  can  be  secured  within  its  bounds,  now  mark 
the  once  despised  and  little  valued  Calumet  region  as  one  of  the 
future  great  manufacturing  districts  of  the  world. 

The  clays  of  Lake  County  which  come  close  enough  to  the  sur- 
face for  utilization  are  of  two  kinds,  drift  clays  and  silty  or 
marly  clays.  The  drift  clays  are  utilized  at  Lowell,  in  the  mak- 
ing of  brick  and  drain  tile,  and  the  silty  clays  at  Hobart,  on  an 
extensive  scale,  in  the  making  of  terra  cotta  lumber,  flue  linings, 
fire-proofing  and  pressed  front  brick. 

At  Lowell  the  clay  factory  was  operated  by  the  late  P.  D.  Clark 
for  20  years.  The  amount  invested  is  but  $8,000,  and  the  value 
of  the  annual  output  is  about  the  same,  equally  divided  between 
the  two  products.  The  clay  used  is  gotten  from  a  hillside  north- 
west of  the  town,  northwest  quarter  section  23  (33  N.,  9  W.). 
It  is  a  tough,  yellowish  drift  clay  about  12  feet  in  thickness,  with 
many  small  pebbles  of  lime  carbonate  and  other  material  scat- 
tered through  the  basal  portion.  For  this  reason  only  the  upper 
four  or  five  feet  are  used,  and  this  has  to  be  passed  through  a 
crusher.  Underlying  the  clay  stratum  is  a  thick  deposit  of  coarse 
sand. 

The  plant  is  located  at  the  base  of  the  hill,  and  the  clay  is 
hauled  to  it  in  carts.  After  being  crushed,  it  is  passed  through 
a  perpendicular  pug  mill  and  then  through  a  Little  Wonder 
brick  and  tile  machine.  The  products  are  dried  by  air  in  sheds 
and  burned  in  round  down-draft  kilns.  Aside  from  an  occasional 
piebble,  which  escapes  the  crusher  and  causes  a  flaking  of  the 
surface,  the  brick  and  tile  are  of  good  quality.  The  clay,  how- 
ever, is  not  suited  for  higher  grade  products. 
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Drift  clay  similar  to  that  used  at  Lowell  lies  near  the  surface 
over  an  area  about  three  miles  wide  between  Lowell  and  Crown 
Point.  Only  about  three  feet  of  the  clay  can  be  used  on  account 
of  the  pebbles  in  the  lower  portion  of  the  bed.  Brick  were  for- 
merly made  from  this  clay  at  Crown  Point,  but  never  on  an  ex- 
tensive scale. 

By  the  side  of  the  Pittsburg,  Fort  Wayne  &  Chicago  Railway, 
just  north  of  Hobart,  in  the  southwest  quarter  of  section  29,  and 
the  southeast  quarter  of  section  30  (36  N.,  7  W.),  is  one  of  the 
largest,  best  known  an<i  most  valuable  deposits  of  silty  clay  in 
northwestern  Indiana.  For  a  long  period  ordinary  soft  mud  brick 
were  made  in  large  numbers  from  the  surface  portion  of  this 
deposit,  but  in  1887,  W.  B.  Owen  began  the  making  of  terra 
cotta  lumber  and  fire  proof  products  from  the  deeper  portions 
of  the  clay  bed,  and  this  business,  now  carried  on  under  the 
name  of.  the  National  Fire  Proofing  Co.,  has  become  one  of  the 
more  important  clay  industries  in  the  State.  The  pit  at  the  yard 
covers  an  area  of  about  six  acres,  and  is  25  feet  deep.  A  section 
of  it  showed  as  follows : 

Section  at  Pit  of  National  Fire  Proofing  Co, 

Fe€t.       hutkf. 

1.  Soil   0  6 

2.  Fine-grained  yellowish  marly  clay 3  0 

3.  Grayish  blue  fine-grained  clay 21  0 

The  two  clays,  Nos.  2  and  3,  were,  when  deposited,  doubtless 
of  the  same  color,  and  the  difference  in  hue  now  existing  has 
been  caused  by  leaching  waters.  No.  3  has  been  pierced  by  a 
bore  to  a  depth  of  132  feiet  without  reaching  its*  base.  The  de- 
posit is  a  well  defined  silt,  the  upppr  six  to  10  feet  of  blue  clay 
being  in  layers  two  to  six  inches  thick,  with  each  layer  separated 
from  the  one  above  and  below  by  a  thin  coating  of  sand.  Toward 
the  bottom  of  the  exposure  the  layers  become  thicker,  eight  to 
14  inches,  and  the  clay  is  more  condensed  and  contains  less  free 
silica.  Not  a  pebble  or  a  solid  body  of  any  size  occurs  in  the 
entire  deposit,  and  it  was  most  probably  laid  down  by  a  slow 
deposition  in  the  waters  of  a  shallow  bay  which  formed  an  ad- 
junct to  the  highest  stage  of  the  old  glacial  Lake  Chicago.* 

^Sm  Twenty^Moond  Ann.  lUp.  Ind.  Dept.  G«ol.  k  Nat.  Rei.,  1897,  p.  88.  • 
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When  dry  the  clay  becomes  much  lighter  in  color.  By  itself 
it  bums  to  a  dark  cream  and^  when  mixed  with  the  surface  stra- 
tum, to  a  light  pinkish  hue.  On  account  of  the  presence  of  about 
20  per  cent,  of  calcium  and  magnesium  carbonates,  the  clay 
effervesces  freely  with  acids.  Its  chemical  composition,  as  deter- 
mined by  Dr.  Noyes,  is  as  follows: 

Analyns  of  Marly  Clay  from  Hobart,  ' 

SlHca  (SiO,)   50.56 

Titanium  oxide  (TIO^ 1.00 

Alumina  (A1,0,) 13.11 

Water  combined  2.76 

Clay  ba«e  and  sand 67.43 

Ferric  oxide  (Fe,0,) 2.98 

Ferrous  oxide  (FeO) 2.32 

Ume  (CaO) 7.87 

Magnesia  (MgO)  5.06 

Potash  (K,0) 3.74 

Soda  (Na,0)  70 

Fluxes 22.67 

Carbon  dioxide  (CO,) 9.62 

Total 99.72 

The  large  percentage  of  fluxes  present  shows  that  wares  from 
this  clay  can  not  be  subjected  to  great  heat  on  account  of  the 
danger  of  their  melting  down.  The  clay  is  peculiarly  fitted  for 
a  light  porous  product,  which  does  not  require  the  properties  of 
hardness  or  toughness. 

Just  across  the  railway  from  the  factory  of  the  National  Fire 
Proofing  Company  is  the  Kulage  Brick  Works,  probably  the 
largest  and  most  modem  factory  for  making  dry  pressed  front 
brick  in  the  State.*  Ordinary  brick  and  drain  tile  were  first 
made  on  the  site  of  the  present  plant,  but  from  numerous  experi- 
ments it  was  found  that  by  proper  mixture,  high  grade  dry- 
pressed  brick  of  a  number  of  different  shades  between  a  deep 
red  and  a  handsome  cream  color  can  be  made  from  the  clays  of 
the  vicinity.  In  1897  the  owners,  therefore,  erected  the  present 
factory  for  the  making  of  such  brick. 

The  section  epcposed  in  the  clay  pit  just  south  of  the  factory 
in  October,  1904,  was  as  follows: 


*For  desoription  tee  under  "  Clay  Indvitries  of  IndUn». 


f* 
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Section  at  Pit  of  Kxdage  Brick  Worhi, 

Feet, 

1.  Soil 1 

2.  Yellow  marly  clay 5 

3.  Bastard  bluish  clay 5 

4.  Blue  marly  clay 7+ 

Stratum  No.  2  burns  to  a  bright  cherry  red ;  No.  3  burns  pink 
and  No.  4  maroon.  A  stratum  of  clay  15  feet  thick,  a  short 
distance  further  south,  burns  to  a  creamy  white  color.  By  mix- 
ing in  certain  proportions  other  desired  colors  can  be  readily 
made.  A  steam  shovel  was  being  used  in  excavating  the  clay, 
the  latter  being  removed  to  a  depth  of  16  feet. 

The  blue  clay,  No.  4,  has  been  proven  by  bores  put  down  in  a 
number  of  places  on  the  land  of  the  Kulage  Company,  to  be  more 
than  100  feet  in  thickness.  It  is  found  over  a  large  area  in 
sections  19,  20,  29  and  30  (36  N.,  7  W.},  north  of  Hobart,  and 
also  south  and  east  of  that  town,  but  in  most  places  the  stripping' 
is  so  heavy  as  to  prevent  its  utilization.  In  a  well  near  the  cen- 
ter of  Hobart  it  was  found  to  be  overlain  by  22  feet  of  sand.  In 
the  yard  of  J.  A.  Johnson,  in  the  northwest  quarter  of  section 
20,  seven  feet  of  sand  and  six  feet  of  yellow  clay  lie  above  it. 
Along  Deep  Kiver  it  outcrops  in  a  number  of  places,  but  usually 
in  localities  where  it  can  not  be  utilized  on  account  of  the  spring 
overflows.  Its  constituents  and  properties  are  the  same  wherever 
found  within  the  limits  once  occupied  by  the  bay  of  Lake  Chi- 
cago. This  is  shown  by  the  chemical  analyses,  printed  on  succeed- 
ing pages  of  this  paper,  of  samples  taken  at  Garden  City,  Ches- 
terton and  near  Michigan  City. 

A  fine  exposure  of  similar  clays  also  occurs  in  the  Hart  Ditch 
near  Maynard,  northeast  quarter  section  31  (36  N.,  9  W.),  on 
land  controlled  by  D.  C.  Atkinson,  of  Hammond.  A  black  clay 
loam,  from  two  to  three  feet  in.  thickness  overlies  the  upper  por- 
tion of  the  clay  deposit.  The  latter  is  exposed  to  a  depth  of  18 
feet,  the  lower  16  feet  of  which  is  the  same  fine  grained  bluish 
gray  clay  used  for  terra  cotta  lumber  and  pressed  brick  at  Ho-  * 
bart,  while  the  upper  three  feet  is  of  the  same  quality  but  some- 
what discolored  by  the  leachings  of  the  overlying  soil.  These 
clays  underlie  a  large  area  near  the  exposure.  The  Pennsylvania, 
Grand  Trunk  and  Monon  railways  run  through  the  tract  and 
furnish  the  best  of  transportation  facilities.     No  better  locality 
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eodsts  in  northern  Indiana  for  the  establishment  of  large  facto- 
ries for  the  making  of  terra  cotta  lumber  and  fireproof  products 
of  similar  nature. 

The  same  character  of  marly  clays  occur  near  Dyer  and  have 
been  found  in  wells  and  bores  at  a  number  of  other  places  withiu 
the  former  limits  of  the  old  glacial  Lake  Chicago. 

The  clays  of  Porter  County,  like  those  of  Lake,  are  sedimen- 
tary in  nature  and  belong  to  the  two  groups  of  "drift  clays"  and 
"marly  clays."  The  drift  clays  are  made  into  ordinary  brick  and 
drain  tile  at  Hebron  and  Valparaiso,  and  the  marly  clays  into 
pressed  front  brick  at  Porter,  and  ordinary  brick  at  Chesterton. 

In  a  cut  ono-third  of  a  mile  west  of  Hebron  the  Panhandle 
Kailway  has  exposed  the  drift  clays  to  a  depth  of  14  feet;  dis- 
closing the  following  strata : 

Section  in  Railway  'Cut  near  Hebron, 

Feet.         inekee, 

1.  Sou    1  4 

2.  Bluish  Joint  clay 3  0 

3.  Hard  yellow  clay 10  0 

The  bluish  clay  immediately  below  the  soil  was  broken  into 
irregular  four-sided  masses  two  or  three  inches  long  and  an  inch 
thick.  The  yellow  clay  was  a  solid  homogeneous  body,  with,  here 
and  there  a  lime  pebble  or  small  boulder  embedded  in  its  mass. 
Both  clays  effervesced  freely  with  acids,  showing  the  presence  of 
a  large  percentage  of  lime  carbonate. 

In  the  south  part  of  the  town  brick  were  made  from  the  upper 
clay  for  more  than  30  years.  The  annual  output  was  only  enough 
to  supply  the  local  demand  and  varied  between  one  hundred  and 
five  hundred  thousand.  Six  inches  of  the  surface  were  stripped 
and  the  remainder  of  it  and  two  feet  of  the  underlying  clay  used ; 
all  below  that  containing  too  many  lime  pebbles. 

One  half  mile  north  of  Hebron,  R.  S.  K^nny  has  been  making 
drain  tile  since  1895  from  a  clay  found  in  the  marshy  ground 
near  his  plant.  Six  inches  of  the  soil  are  removed,  and  four  feet 
of  the  tough,  bluish,  very  plastic  clay  utilised.  Sand  and  gravel 
set  in  at  about  five  feet  and  prevent  the  use  of  the  lower  portion 
of  the  clay  bed.  After  passing  the  clay  through  a  crusher  the 
tile  are  made  on  an  H.  Brewer  machine  and  are  of  excellent 
quality.    The  value  of  the  output  in  1904  was  $5,250. 
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In  the  south  part  of  Valparaiso,  Chas.  F.  Lembke  &  Co.  are 
using  the  drift  clay  for  making  ordinary  soft  mud  brick  and  also 
a  harder  "sidewalk"  brick  for  pavements  and  foundations.  The 
clay  used  is  obtained  on  a  hillside  and  is  quite  free  from  pebbles 
to  a  depth  of  five  feet,  but  below  that  distance  they  become  more 
plentiful,  and  prevent  its  utilization.  The  clay  is  first  passed 
through  a  disintegrator,  then  through  a  Williams  pulverizer  and 
over  an  oscillatory-inclined  screen.  It  is  then  passed  through  a 
pug  mill  and  a  Creager  soft  mud  machine,  and  the  resulting 
brick  are  dried  on  pallets  in  open  sheds.  Three  round  down-draft 
kilns,  each  holding  43,000  brick,  are  used  in  burning  the  side- 
walk brick.  The  building  brick  are  burned  in  "scove^'  kilns  of 
2^0,000  capacity.  On  account  of  the  thorough  prepartion  which 
the  clay  receives,  the  brick  made  are  of  excellent  quality  and 
find  a  ready  market  in  Valparaiso,  at  $5.50  per  thousand,  deliv- 
ered.   The  annual  output  is  about  one  million. 

In  the  north  part  of  Valparaiso,  Coovert  &  Clevenger  are 
making  drain  tile  from  clay  which  they  obtain  from  a  swamp 
one-half  mile  northeast  of  their  plant.  It  is  the  characteristic 
tough  blue  clay  which  underlies  the  mucky  soil  of  the  swamps 
of  this  region.  Three  and  a  half  feet  are  used  after  stripping 
five  inches.  The  clay  is  passed  through  two  crushers,  and  then 
through  an  Ohio  auger  machine.  The  resulting  tile  are  air-dried 
in  sheds  and  burned  60  hours.  The  value  of  the  annual  output 
at  this  plant  is  about  $3,000 ;  the  price  for  four  inch  tile  in  1904 
being  $14.00,  and  for  ten-inch,  $75.00  per  thousand  at  the  yard. 

At  Garden  City^,  two  miles  southeast  of  Hobart,  on  the  line 
between  Lake  and  Porter  counties,  a  fine  bed  of  marly  clay  occurs 
which  was  deposited  at  the  same  time  and  by  the  same  agencies 
as  the  bed  at  Hobart.  The  P.,  F.  W.  &  C.  and  the  Nickel  Plate 
railways,  which  here  run  side  by  side,  are  just  south  of  this 
deposit,  and  a  switch  from  the  latter  enters  the  yard  of  the  fac- 
tory which  has  been  erected.  At  this  factory  ordinary  stiff  mud 
brick  have,  in  the  past,  been  made  in  large  quantities  for  the 
Chicago  market.  The  factory  was  at  one  time  well  equipped  for 
making  these  brick  in  large  numbers  but,  unfortunately,  has  been 
owned  and  managed  by  parties  who  were  not  practical  brick  men, 
and  who,  therefore,  could  not  successfully  carry  on  the  business. 

As  a  result  it  has  been  idle  for  a  large  part  of  the  time  during 
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the  past  ten  years.    At  the  pit  the  following  section  was  exposed 
at  the  time  of  my  visit : 

Section  of  Clay  Pit  at  Garden  City, 

Feet,         Inchee, 

1.  Soil    0  8 

2.  Reddish  marly  clay 4  0 

3.  Buff  sand  • 2  0 

4.  Bluish  gray  marly  clay 6  0 

5.  Bluish  sand 2  0 

6.  Bluish  gray  clay,  flne-grained 20  0 

A  well  on  the  yard  has  been  sunk  to  a  depth  of  150 
feet  through  the  bluish  clay,  No.  6,  to  gravel,  and  an  inexhausti- 
ble supply  of  good  water  obtained.  With  the  exception  of  the 
sand  strata,  Nos.  3  and  5,  this  deposit  is  very  similar  to  the  one 
at  Hobart.  The  blue  clay  is  the  same  fine  grained,  silty  material, 
with  a^very  similar  chemical  composition,  as  the  following  an- 
alysis, made  by  Dr.  Noyes,  will  show: 

Analym  of  Bluish^ Gray  Marly  Clay  at  Garden  City. 

Silica  (SiOJ   50.37 

Titanium  oxide  (TiO,) 65 

Alumina  (A1,0,) 9.93 

Water  combined  1.50 

Clay  base  and  sand 62.45 

Ferric  oxide  (FCaO.) 2.10 

Ferrous  oxide  (FeO) 2.05 

Lime  (CaO) 10.26 

Magnesia  (MgO)  6.26 

Potash  (K,0)   3.04 

Soda  (Na,0)  79 

Fluxes 24.50 

Carbon  dioxide  (COj) 12.50 

Total 99.4^  •  •  • 

The  samples  analyzed  were  taken  from  near  the  surface  of  the 
bluish  clay.  If  they  had  been  gotten  from  a  greater  depth,  as 
was  the  one  from  Hobart,  the  percentage  of  alumina  would 
doubtless  have  been  larger,  and  that  of  some  of  the  fluxes  less. 
The  clay  will  be  found  to  be  well  suited  for  the  making  of  the 
same  products  as  are  made  by  the  National  and  Kulage  com- 
panies at  Hobart.  Experiments  will  also  doubtless  show  its  fit- 
ness for  structural  terra  cotta  of  good  quality,  since  its  constitu- 
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ents  are  very  similar  to  those  of  one  of  the  clays  used  by  the 
largest  factory  manufacturing  that  product  in  New  York,  viz., 
the  Glens  Falls  Terra  Cotta  Co.  An  analysis  of  their  clay  is 
added  for  comparison: 

Analysis  of  Terra  Cotta  Clay  at  Glens  FaHs,  N,  Y, 

Silica  (SiO,)  48.35 

Alumina  (MOJ   11.33 

Oxides  of  iron 4.02 

Lime  (CaO) 15.38 

Magnesia  (MgO) 3.17 

Organic  matter 1.18 

Potash  and  soda .»  6.05 

Carbon  dioxide  (COj) 10.52 

The  high  amount  of  lime  and  magnesia  in  the  bluish  gray 
clays  at  Hobart  and  Garden  City  causes  them  to  produce  a  light 
colored  ware.  A  mixture  of  this  clay  with  the  overlying  red 
clay  produces  a  speckled,  pinkish  product,  and  the  red  clays  alone 
a  deep  red  product.  A  variety  of  different  colored  terra  cotta 
can  thus  be  made  without  the  use  of  artificial  coloring  matter. 

The  same  silty  clays  come  near  the  surface  in  a  number  of 
places  in  the  area  formerly  covered  by  the  bay  of  the  old  glacial 
Lake  Chicago,  especially  in  sections  15,  22,  27  and  34  (36  N., 
7  W.),  Portage  Township,  Porter  County.  They  are  at  present 
at  too  great  a  distance  from  transportation  facilities,  but  the 
time  will  come  when  their  value  for  terra  cotta  lumber  and  simi- 
lar products  will  be  better  known,  and  to  some  of  them  railway 
switches  will  then  be  extended. 

Near  the  junction  of  the  Michigan  Central  and  Lake  Shore 
railways,  at  Porter,  Indiana,  is  located  the  largest  pressed  front 
brick  factory  in  the  State.  It  is  one  of  a  dpzen  or  more  similar 
factories  in  different  parts  of  the  Union  owned  and  operated  by 
the  Chicago  Hydraulic  Press  Brick  Co.,  and  has  been  in  operation 
since  July,  1890.  The  clay  used  is  a  peculiar,  fine  grained,  buff 
material,  entirely  free  from  lime  pebbles,  and  containing  but  a 
small  percentage  of  lime  carbonate  as  a  constituent.  It  covers 
to  a  depth  of  six  feet  an  area  of  15  acres  in  the  northeast  quarter 
of  section  34  (37  N.,  6  W.),  and  is  also  the  surface  clay  over 
200  or  more  acres  owned  by  the  company  in  sections  27,  35  and 
36  in  the  same  township  and  range.  Below  it  is  usually  found 
a  bed  of  white  sand  25  or  more  feet  in  thickness. 
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The  clay  is  gathered  at  the  yard  just  north  of  the  company's 
plant,  and  stored  in  sheds  for  winter  use.  A  special  harrow- 
shaped  plow,  designed  and  made  at  Findlay,  Ohio,  and  propelled 
by  a  12-horsepower  traction  engine,  loosens  the  clay  over  an 
area  six  feet  wide,  to  a  depth  of  three  inches.  This  plowing  is 
done  on  a  gradual  slope,  so  as  to  get  a  uniform  mixture  of  the 
clay  and  prevent  uneven  shrinkage  in  the  brick.  Ten  rotary 
excavators,  each  holding  enough  clay  for  300  bricks,  follow  the 
plow  and  gather  up  the  clay.  They  convey  it  to  the  storage  sheds, 
three  in  number  which,  when  full,  hold  enough  to  make  seven 
millions  of  brick.* 

Th»  same  company  also  makes  from  the  surface  clay  and  un- 
derlying sand  a  soft  mud  brick  in  large  quantities  for  the  Chi- 
cago and  other  markets.  Below  the  surface  clay  are  three  or  four 
feet  of  clay  and  sand  in  alternate  thin  strata.  These  are  mixed 
with  the  surface  clay  and  made  into  brick  on  a  Martin  machine 
at  the  rate  of  35,000  daily  for  six  months  in  Jthe  year.  They  are 
dried  on  pallets  in  sheds  and  are  burned  in  the  lower  portions  of 
the  kilns  used  for  burning  the  pressed  front  brick.  They  bring 
$8.00  per  thousand  f .  o.  b.  the  cars  at  the  plant. 

One  mile  northeast  of  Chesterton,  on  a  spur  of  the  Pere  Mar- 
quette Railway,  P.  E.  Anderson  &  Sons  have  been  making  brick 
and  tile  for  18  years.  For  seven  years  the  brick  were  made 
by  hand,  but  a  Monarch  soft  mud  and  Brewer  stiff  mud  machine 
are  now  in  use.  A  section  of  the  pit  at  this  yard  shows  as  fol- 
lows : 

Section  of  Clay  Pit  at  Yard  of  P,  E.  Anderson, 

m 

Feet.         Ineket, 

1.  Soli  and  surface,  stripped 0  6 

2.  YeUow  coarse-grained  clay 5  0 

3.  Bluish  marly  clay  with  a  few  lime  pebbles 20  0 

4.  Bluish    gray    marly    clay,    free    from    pebbles, 

pierced  by  bore ; 35  0 

The  uppermost  clay  burns  to  a  bright  cherry  red  color,  and 
makes  a  brick  far  above  the  average  in  quality.  The  next  strat- 
um, No.  3,  bums  pink  and  is  mainly  used  in  tile  making.  The 
lower  stratum,  No.  4,  is  very  similar  to  the  clay  found  at  Hobart 
and  bums  to  a  cream  color.  An  analysis  of  a  mixture  from  strata 
Nos.  3  and  4,  by  Dr.  Noyes,  resulted  as  follows : 

*For  deaoiptiye  aocoant  of  the  faotory  see  under  "  Clay  Industrie!  of  Ind." 
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Analyns  of  Bluish- Gray  Marly  Clay  at  Chesterton. 

Silica  (SK):J   53.02 

Titanium  (TiO,) 1.30 

Alumina  (AI,0,) 10.72 

Water  combined 2.21 

Clay  base  and  sand 67.25 

Ferric  oxide  (FeaO,) , .  2.54 

Ferrous  oxide  (FeO) 2.22 

Ume  (CaO) 8.38 

Magnesia  (MgO)  5.28 

Potash  (K,0) 3.25 

Soda  (Na,0)  86 

Fluxes 22.53 

Carbon  dioxide  (CO,) 10.48 

Total 100.26 

The  products  made  at  this  factory  are  dried  in  open  air  sheds 
and  burned  with  wood  and  coal.  The  brick  are  sold  at  the  yard 
for  $5.00  per  thousand,  and  the  four-inch  tile  at  $11.00  per 
thousand.  The  clays  are  suited  for  the  making  of  pressed  front 
brick,  terra  cotta  and  fire  proofing.  The  blue  marly  clay  is  said 
to  outcrop  near  City  West  in  section  18  (37  N.,  5  W.),  and  also 
at  the  overhead  bridge  across  the  Michigan  Central  Railway  one 
mile  north  of  Chesterton, 

LAPORTB  COUNTY. 

Laporte  County  is  in  the  third  tier  of  counties  from  the  western 
line  of  Indiana,  and  lies. adjacent  to  the  south  border  of  the  State 
of  Michigan.  Its  northwestern  comer  is  bordered  by  the  shore 
of  Lake  Michigan  for  a  distance  of  seven  miles.  The  Kankakee 
Kiver,  flowing  southwest,  forms  the  larger  portion  of  its  southern 
boundary,  and  receives  from  the  county  Mill  Creek  and  several 
small  tributaries.  The  area  of  the  county  is  563  square  miles. 
Of  this  the  northern  third  is  somewhat  broken  and  hilly  and  was 
formerly  covered  with  timber.  The  central  and  southern  por- 
tions contain  about  200  square  miles  of  fine  prairie  and  a  large 
area  of  Kankakee  marsh  land,  much  of  which  has  been  drained, 
and  now  forms  excellent  grazing  and  farming  lands. 

Numerous  small  lakes  are  scattered  over  the  central  or  mo- 
rainic  portion  of  the  county,  and  add  much  to  the  beauty  of  its 
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scenery.     The  largest  of  theeo  are  Pinei,  Clear  and  Stone  lakes, 
just  northwest  of  Laporte,  the  county  seat. 

Transportation  facilities  are  most  excellent,  six  railways  cross- 
ing the  county  from  east  to  west,  two  from  north  to  south  and 
one  from  southeast  to  northwest,  thus  furnishing  an  outlet  in 
every  direction. 

The  entire  surface  is  of  glacial  origin,  the  Valparaiso  moraine, 
with  a  width  of  six  miles,  passing  northeastward  across  the  north- 
western comer  of  the  county.  -  The  crest  of  this  moraine  lies 
from  225  to  300  feet  above  the  level  of  Lake  Michigan.  This 
moraine  "rises  very  abruptly  on  its  northwest  border  above  the 
low  plain  which* lies  between  it  and  Lake  Michigan,  but  on  its 
southeast  border  a  gravel  outwash  from  the  moraine  is  built  up 
nearly  to  the  level  of  the  crest,  and  the  descent  is  gradual  from  the 
moraine  to  the  Kankakee  marsh.  The  marsh  stands  fully  100 
feet  above  Lake  Michigan  in  eastern  Laporte  County,  and  about 
75  feet  at  the  western  border  of  the  county.  It  is,  therefore, 
150  to  200  feet  or  more  below  the  crest  of  the  moraine.  The 
gravel  plain  makes  a  descent  of  75  or  100  feet  in  the  interval  of 
eight  to  10  miles  between  the  moraine  and  the  marsh. 

"On  the  low  plain  bordering  Lake  Michigan,  in  the  northwest- 
em  part  of  the  county,  there  are  series  of  narrow  till  ridges  or 
feeble  moraines  which  govern  the  drainage  of  that  region  to  a 
marked  degree,  though  having  a  relief  of  but  30  to  50  feet.  On 
the  intermediate  border  of  the  lake  there  are  prominent  dunes, 
rising  in  places  to  a  height  of  150  feet  above  the  lake  level."* 

The  thickness  of  the  drift  is  known  at  but  three  places  where 
gas  well  borings  have  penetrated  to  the  underlying  stratified 
rock.  These  are  at  Laporte,  where  it  is  295  feet  thick;  Lacrosse, 
38  feet  and  Michigan  City,  250  feet. 

The  clays  of  the  county  suitable  for  burning  are  either  the 
surface  drift  clays  or  the  silty  or  marly  clays  derived  from  them. 
Along  Treaty  Creek,  northeast  of  Michigan  City,  large  deposits 
of  an  excellent  bluish  gray  marly  clay  come  to  the  surface.  Two 
miles  east  of  the  city  Roeske  Bros,  have,  a  short  distance  from 
the  creek,  an  extensive  plant  for  the  making  of  soft  mud  brick 
from  a  deposit  of  this  and  other  clays.  A  section  at  their  pit 
showed  as  follows: 

*  Leventt.   Wells  of  Northern  Indiana,  1899, 19. 
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Section  of  Clay  Pit  at  Roeske  Bros.  Plant. 

Feet.         Inchct. 

1.  Soil  0  6 

2.  Buff  sand 3  6 

3.  Reddish  loam 2  0 

4.  Yellow  marly  clay  2  6 

5.  Bluish  gray  clay. 16  0 

After  stripping  the  soil  and  a  poirtion  of  the  saiid,  the  remain- 
der, down  to  No.  5  of  the  section,  is  used  in  making  red  brick. 
The  loam,  No.  3,  can  be  used  for  lining  ladles,  etc.,  in  iron  fur- 
naces. The  same  material  is  shipped  in  quantity  to  Chicago  from 
near  McCool,  Porter  County.  The  layer  of  bluish  gray  clay  has 
been  pierced  by  a  bore  to  th^  depth  of  40  feet  without  reaching- 
its  bottom.  It  burns  to  a  whitish  or  cream  color,  and  two-thirds 
of  the  output  of  the  factory  are  from  it  alone.  The  deeper  the 
point  from  which  the  clay  is  obtained,  the  stiffer  and  more  tena- 
cious it  is,  and  the  better  the  quality  of  brick  made  from  it.  The 
following  analysis  of  this  clay,  made  by  Dr.  Noyes,  shows  its  con- 
stituents.to  be  practically  the  same  as  the  deposits  so  extensively 
worked  at  Hobart,  Lake  County,  for  fire  proof  products : 

Analysis  of  Bluish- Gray  Clay  from  Michigan  City. 

Silica  (SIO^   50.47 

Titanium  oxide  (TiO,) 1.45 

Alumina  (A1,0,) 12.77 

Combined  water  3.14 

Clay  base  and  sand 67.83 

Ferric  oxide  (FeaO,) 2.44 

Ferrous  oxide  (FeO)  2.52 

Irlme  (CaO) 8.17 

Magnesia  (MgO)  5.22 

Potash  (KaO)  3.70 

Soda  (KTa^O)   73 

m 

Fluxes  22.78 

Carbon  dioxide  (COJ 9.80 

Total 100.41 

In  the  making  of  brick,  the  clay,  after  being  weathered  for 
some  time,  is  passed  through  a  crusher  and  then  through  a  hori- 
zontal pug  mill,  after  which  it  is  elevated  by  a  belt  carrier  to 
the  top  of  a  soft  mud  machine.  Tlie  brick  are  dried  in  sheds 
and  burned  in  a  peculiar  continuous  kiln.     This  kiln  is  divided 
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into  16  chambers,  each  capable  of  holding  16,000.  to  22,000  brick. 
After  the  fire  is  once  started  the  fuel,  which  is  screened  coal,  is 
put  in  at  the  top  of  the  chamber  instead  of  at  the  bottom.  Each 
chamber  is  connected  by  pipes  with  the  ones  adjacent  to  it,  and 
the  heat  passes  from  chamber  to  chamber  and  water-smokes  or 
dries  the  brick.  In  this  way  little  heat  is  lost  and  the  brick  are 
burned  for  about  35  cents  per  thousand.  For  fuel  Hocking  Val- 
ley coal  screenings  are  used,  costing  $2.05  per  ton  at  the  plant, 
as  it  is  claimed  that  Indiana  coal  is  too  dirty.  Aside  from  their 
color,  the  briek  made  from  the  blue  clay  at  this  factory  are  of 
excellent  quality.  When  burned  very  hard  they  become  a  green- 
ish cast  and  are  then  used  for  paving  alleys,  sidewalks,  etc.,  and 
are  sold  at  $9.00  per  thousand,  delivered.  The  ordinary  quality 
bring  $6.00  per  thousand  at  Michigan  City. 

As  already  noted,  the  same  clay  as  is  used  by  Koeske  Bros. 
outcrops  in  quantity  along  Treaty  Creek.  The  L.  E.  &  W.  Rail- 
way runs  over  some  of  the  best  deposits.  There  is  thus  room  and 
excellent  facilities  for  the  erection  in  this  vicinity  of  several 
large  factories  for  the  making  of  fire-proofing,  terra  cotta,  pressed 
front  brick  and  other  products.  Too  high  a  percentage  of  fluxes 
are  present  for  the  utilization  of  the  clay  in  making  sewer  pipe, 
paving  brick  and  similar  vitrified  wares. 

A  strip  of  clay  land,  from  three  to  four  miles  wide,  runs  in  a 
northeasterly-southwesterly  direction,  from  the  eastern  line  of 
the  county,  to  Otis  in  the  western  part.  The  surface  clays  of 
this  strip  are,  in  general,  suitable  for  brick  or  tile  making.  A 
lack  of  transportation  facilities  and  fuel  forms  the  great  draw- 
back to  their  development. . 

At  Laporte  ordinary  building  brick  are  made  at  one  yard;  a 
surface  drift  clay,  five  feet  thick,  being  used  without  stripping.* 

ST.  JOS£;PH  COUNTY. 

St.  Joseph  County  lies  east  of  Laporte  and  is  bounded  on  the 
north  by  the  state  of  Michigan.  It  comprises  an  area  of  477 
square  miles,  the  surface  of  which  is  diversified  by  prairies, 
marshes,  oak  openings,  and  rolling  timber  land.  The  oak  open- 
ings are  covered  with  a  light  sandy  soil,  excellently  suited  to  the 

*  See  statistical  table  at  end  of  paper. 
30    Geoloer- 
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raising  of  small  fruits;  the  timber  lands  possess  a  subsoil  of 
clay,  covered  with  a  rich  dark  soil  which,  under  proper  cultiva- 
tion and  rotation  of  crops,  yields  all  the  cereals  in  abundance. 
The  prairies,  both  old  and  young,  for  the  marshes  are  but  incipi- 
ent prairies,  where  properly  drained,  are  unexcelled  for  the  rais- 
ing of  any  farm  product  except  wheat,  which  in  places  winter 
kills. 

The  Kankakee  River*  rises  about  two  miles  southwest  of  South 
Bend,  and  flows  in  a  southwesterly  direction  through  the  county. 
The  most  of  the  marsh  land  adjacent  to  it  has  been  or  is  being 
drained.  The  St.  Joseph  Eiver  is  the  principal  stream  within 
the  county ;  entering  it  a  little  north  of  the  middle  of  the  eastern 
boundary,  flowing  westerly  about  ten  miles,  and  then  northerly 
into  the  state  of  Michigan.  On  its  great  bend  to  the  northward 
is  the  flourishing  city  of  South  Bend,  possessing  a  population  of 
almost  50,000,  and  noted  for  its  manufactures,  especially  wagons 
and  plows,  which  are  shipped  to  all  portions  of  the  world. 

Six  important  railways  pass  through  the  county;  the  Lake 
Shore  &  Michigan  Southern;  the  Grand  Trunk;  the  Michigan 
Central;  the  Indiana,  Illinois  &  Iowa,  commonly  known  as  the 
"Three  I'';  the  Logansport  Division  of  the  Vandalia,  and  the 
Chicago  rJivision  of  the  Wabash.  The  Baltimore  &  Ohio  and 
Lake  Erie  and  Western  cross  the  southwestern  comer,  their  junc- 
tion with  that  of  the  Three  I  being  at  Walker  ton,  while  the 
Michigan  Division  of  the  Big  Four  cuts  the  northeastern  corner. 
Most  excellent  transportation  facilities  are  thus  furnished  in 
every  direction. 

There  is  not  an  outcrop  of  rock  in  the  county,  the  entire  sur- 
face being  covered  with  glacial  drift  which  will  probably  average 
200  feet  in  thickness.  The  only  place  where  this  drift  has  been 
pierced  to  the  underlying  stratified  rock  is  at  South  Bend,  where 
it  was  137  feet  thick.  This,  however,  was  in  the  valley  of  the 
St.  Joseph  River  and  only  725  feet  above  tide,  or  fully  150  feet 
lower  than  the  uplands  in  the  southeastern  portion  of  the  county. 
The  drift  over  about  one-half  of  the  county  is  a  gravel  plain 
formed  by  the  outwash  from  the  ice  sheet.  "In  the  northwestern 
portion  of  the  county  the  outwash  is  from  the  Valparaiso  mo- 
raine, and  the  plains  descend  from  about  800  feet  at  the  border 
of  the  moraine  to  725  feet  at  the  border  of  the  Kankakee  marsh. 
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In  the  southwestern  portion  of  the  county  the  outwash  is  westward 
from  the  Maxinkuckee  moraine  of  the  Saginaw  lobe,  and  there 
is  a  similar  descent  from  the  moraine  to  the  Kankakee  marsh. 
In  the  northeastern  portion  of  the  county  there  is  an  extensive 
gravel  plain  along  the  St.  Joseph  Eiver,  whose  head  is  in  south- 
em  Michigan  in  a  later  moraine  of  the  Saginaw  lobe.  The  south- 
eastern part  of  the  county  is  occupied  by  a  till  plain  which  bor- 
ders the  Maxinkuckee  moraine  on  the  east.  The  Maxinkuckee 
moraine  passes  diagonally  across  the  county  from  the  southwest 
to  the  north  border  and  has  a  width  of  about  five  miles.  It  is 
interrupted  by  a  gap  at  the  St.  Joseph  Eiver  near  South  Bend 
two  or  three  miles  in  width.  The  highest  portions  of  this  moraine 
stand  fully  300  feet  above  Lake  Michigan  or  about  900  feet 
above  tide."* 

Wells  sunk  through  the  gravel  plain  above  mentioned  strike 
no  clay  until  at  a  depth  of  60  or  more  feet.  Those  on  the  Max- 
inkuckee moraine,  about  eight  miles  south  of  South  Bend,  pass 
through  22  feet  of  yellow  clay,  and  then  through  alternating  lay- 
ers of  sand  and  blue  clay  for  a  depth  of  100  feet  before  reaching 
gravel. 

The  clays  of  St.  Joseph  County,  which  have  been  found  the 
best  suited  for  manufacturing,  are  in  the  immediate  vicinity  of 
South  Bend.  Along  the  lowlands  and  terraces  of  St.  Joseph 
River  are  thick  deposits  of  a  pearl-gray  marly  clay,  exceedingly 
fine  grained  and  plastic,  which  for  many  years  has  been  made 
into  light  yellow  building  brick  or,  when  burned  harder,  into  a 
darker,  greenish-yellow  paving  brick.  At  the  old  pit  of  the 
Soen^s  Brick  Co.,  in  the  eastern  part  of  the  city,  the  different 
strata  exposed  show  as  follows: 

Section  at  Old  Clay  Pit  of  Soen's  Brick  Company, 

Feet.         Inchet. 

1.  Soil    0  8 

2.  Sand«   coarse-grained,   reddish,    impreguated   and 

discolored  with  iron  oxide 4  6 

3.  Gravel   3  0 

4.  Sand,  gray  ; 3  0 

5.  Clay,,  bluish  gray , 15  0 

From  this  bluish-gray  clay,  which  in  places  is  50  feet  thick, 


*  Lererett.   Wells  of  Northern  Indiana,  1899,|21, 
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the  Soen's  Brick  Co.  made,  for  years,  the  two  kinds  of  brick  above 
mentioned.  The  deposit  was  evidently  laid  down  in  still  water, 
since  it  is  wholly  free  from  pebbles.  Aside  from  the  heavy  strip- 
ping, which  is  a  great  drawback  to  securing  it  in  proper  quan- 
tity, the  clay  is  well  suited  to  the  uses  to  which  it  is  put.  In 
places  small  pockets  of  so-called  quicksand  occur,  which  lesson  to 
some  extent  its  value.  The  lower  half  of  the  clay  stratum  is 
better  suited  for  burning  the  hard  brick  used  for  paving  pur- 
poses. The  clay  effervesces  very  freely  with  acids,  and  probably 
contains  10  to  15  per  cent,  of  the  carbonates  of  lime  and  mag- 
nesia.    This  yard  has  been  abandoned  since  1901. 

On  the  east  side  of  the  river,  about  one-half  mile  north  of 
Soen's  yard  was,  for  a  long  time,  another  large  yard  owned  and 
operated  by  Leeper  &  Longley.  Their  clay  pit  was  in  the  second 
bottom  or  terrace  of  the  St.  Joseph  River  and  a  section  exposed 
was  aa  follows: 

Section  of  Clay  Pit  cU  Old  Yard  of  lAeper  <k  Longley, 

Feet,        Inchei, 

1.  Soil    8  0 

2.  Sand  and  loam  4  0 

3.  Coarse  gravel 5  0 

4.  Bluish  gray  marly  clay 18+         0 

The  clay  has  been  proven  by  bores  to  be  50  feet  thick.  Brick 
made  by  this  firm  in  1888  were  used  in  paving  two  blocks  of  a 
street  that  has  been  much  used  for  16  years,  and  shows  as  yet 
but  few  signs  of  wear. 

In  1903  the  South  Bend  Brick  Co.  was  organized  and  pur-, 
chased  the  remaining  interests  of  the  yards  above  mentioned.  A 
new  tract  of  161  acres  was  secured  along  the  St.  Joseph  River, 
a  mile  and  a  half  north  of  the  city.  On  it  a  modern,  well 
equipped  factory  was  built,  and  connected  by  a  spur  with  the 
Michigan  Central  Railway.  Here,  in  June,  1904,  the  company 
began  the  making  of  stiff  mud  ordinary  brick  from  the  lowland 
deposits  of  clay.  The  factory  is  the  only  one  of  the  kind  in  the 
State  which  is  run  wholly  by  electric  power.  This  is  furnished  by 
the  South  Bend  Electric  Co.,  which  has  large  plants  at  Buchanan, 
a  town  on  the  St.  Joseph  River,  14  miles  north,  and  at  Hen  Island 
above  l^^ishawaka.  At  the  plant  lOO-horsepower  is  developed  from 
a  23,000  volt  motor. 
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A  well  sunk  on  the  grounds  to  a  depth  of  88  feet  went  through 
four  feet  of  sand  and  gravel,  75  feet  of  clay,  four  feet  of  black 
sand,  and  secured  water  in  gravel.  The  surface  layer  of  sand 
and  gravel  is  stripped  and  in  part  screened.  One  part  of  the 
resulting  sand  is  mixed  with  three  parts  of  the  underlying  clay, 
the  pit  being  opened  to  a  depth  of  12  feet. 

The  clay  is  hauled  from  the  pit  to  the  plant  in  tram  cars.  It  is 
first  passed  through  a  disintegrator,  then  through  a  14-foot  pug 
mill  and  a  Raymond  brick  machine^  The  output  is  60,000  daily. 
The  brick  are  dried  for  24  hours  by  direct  heat,  and  then  burned 
in  20-arch  kilns,  holding  500,000  each,  for  eight  days,  with 
Greene  County  mine  run  coal  costing  $2.35  per  ton  laid  down. 
They  are  umform  in  size  and  weigh  five  pounds  each.  In  1904 
they  sold  for  an  average  price  of  $6.12  per  thousand  delivered 
in  the  city. 

The  blue  marly  clay  used  at  the  present  and  the  old  yards 
ranges  from* 30  to  80  feet  in  thickness.  It  evidently  covers  a 
large  area,  since  it  overlies  a  bed  of  gravel,  from  which  is  secured 
the  water  supply  of  the  city.  The  clay  forms  an  impervious  cover 
for  this  water-bearing  stratum,  and  when  pierced  the  water  rises 
from  two  to  ten  feet  above  the  surface.  At  the  site  of  the  old 
waterworks,  in  the  eastern  part  of  the  city,  32  wells  have  been 
put  down  112  feet  deep.  An  average  section  of  these  wells  is  as 
follows : 

Average  Section  of  Wells  at  Old  Water  Works,  South  Bend. 

1.  SoU  and  sand T 12 

2.  Blue  clay   40 

3.  Sand 40 

4.  Gravel   20 

At  the  new  water  station  on  North  Michigan  Street  are  30 
wells,  the  average  section  of  which  is : 


* 


Average  Section  of  Wells  at  New  Water  Works  at  South  Bend. 

Feet. 

1.  Soil  and  sand 14 

2.  Gravel    3 

3.  Blue  clay 30 

4.  Sand 22 

5.  Gravel   14 
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The  brick  made  from  this  blue  clay  are  hard,  tough  and  dura- 
ble. If  the  proper  kilns  and  other  facilities  were  erected,  paving 
material  of  good  quality  could  doubtless  be  made  from  it;  but 
it  is  better  suited  for  terra  cotta,  fire  proofing,  flue  linings  and 
those  numerous  other  products  for  which  the  ever  increasing 
number  of  fire-proof  buildings  is  creating  a  constantly  growing 
demand.  Terra  cotta  lumber,  such  as  is  made  at  Hobart,  Lake 
County,  by  the  National  Fire  Proofing  Co.,  could,  without  doubt 
be  made  from  the  clay,  and  the  industiy,  if  properly  managed, 
would  be  a  growing  and  profitable  one.  It  could  also  be  used  as 
the  clay  ingredient  of  Portland  cement,  a  very  similar  clay 
from  La  Paz,  in  Marshall  County,  just  south,  being  used  for  that 
purpose  at  Syracuse,  Ind. 

About  two  miles  southwest  of  South  Bend  are  three  factories* 
which  make  soft  mud  brick  from  a  buff,  porous,  loamy  drift  clay. 
This  material,  to  a  depth  of  four  to  nine  feet,  is  free  from  car- 
bonate of  lime  or  lime  pebbles,  and  burns  to  a  handsome  dark 
red.  The  brick  made  from  it  are  hard,  tough  and  durable,  and 
above  the  average  of  those  which  go  into  the  inner  and  side  walls 
of  buildings.  The  clay  covers  a  large  area  in  sections  21  and 
22  (37  N.,  2  E.),  being  found  on  the  surface  of  the  Maxinkuckee 
moraine,  which  here  rises  30  to  40  feet  above  the  Kankakee 
marshland  to  the  northward. 

At  the  yard  of  Frank  Fisher,  in  section  22,  the  ^lay  used,  after 
stripping  eight  inches  of  surface,  averages  four  feet  in  thickness 
and  overlies  a  darker  clay  which  contains  pebbles  of  lime.  Be- 
neath the  latter  is  the  characteristic  blue  clay  of  the  region. 
Coal,  costing  $3.40  per  ton  laid  down  at  the  yard,  is  used  as  fuel, 
30  tons  being  required  to  burn  275,000  brick. 

One-haK  mile  southwestward,  at  the  yard  owned  by  the  South 
Bend  Brick  Co.,  the  porous  buff  clay  runs  6  to  10  feet  in  thick- 
ness, and  overlies  a  hardpan  three  feet  in  thickness,  containing 
numerous  pebbles.  Beneath  the  latter  is  a  bed  of  sand  of 
unknown  thickness.  The  three  yards  iji  this  locality  use  soft-mud 
machines,  dry  on  pallets  and  bum  with  coal.  Their  combined 
output  in  1904  was  about  5,000,000,  which  were  sold  in  South 
Bend  at  $6.00  per  thousand.  The  buff  clay  is  not  suited  for  the 
making  of  drain  tile,  as  it  runs  too  high  in  silica. 

*  See  BtaUstioal  table  at  end  of  paper. 
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Near  Woodland,  in  the  southeastern  part  of  the  county,  Mochel 
Bros,  are  making  drain  tile  3  to  12  inches  in  size  and  ordinary 
brick  from  a  15-foot  deposit  of  surface  clay.  Wood,  costing  $3.00 
per  cord,  is  used  as  fuel. 

BLKHART  COUNTY. 

This  county  is  bounded  on  the  north  by  the  State  of  Michigan, 
on  the  east  by  Lagrange  and  Noble  counties,  on  the  south  by 
Kosciusko,  and  on  the  west  by  Marshall  and  St.  Joseph.  It  is 
quadrangular  in  outline,  and  contains  an  area  of  465  square  miles. 

The  St.  Joseph  River  enters  the  county  from  Michigan,  about 
six  miles  west  of  the  northeast  corner,  and  flows  in  a  southwest 
course  into  St.  Joseph  County.  At  Elkhart  it  receives  its  prin- 
cipal tributary,  the  Elkhart  River,  which  drains  the  southeastern 
portion  of  the  county.  Both  the  St.  Joseph  and  the  Elkhart  are 
dammed  in  numerous  places,  and  furnish  cheap  and  excellent 
water  power  for  many  extensive  factories,  especially  at  Goshen 
and  Elkhart. 

The  county  is  well  supplied  with  railways.  Three  divisions  of 
the  Lake  Shore  &  Michigan  Southern  traverse  its  bounds,  while 
the  Michigan  Division  of  the  Big  Four  and  the  Chicago  Division 
of  the  Wabash  pass  entirely  through  it,  the  former  in  a  north  and 
south  direction,  the  latter  east  and  west  along  the  north  border 
of  the  southern  tier  of  townships.  The  Baltimore  &  Ohio  also 
cuts  across  the  southwestern  comer. 

In  common  with  the  counties  adjoining,  the  surface  of  Elkhart 
is  wholly  covered  with  drift,  the  thickness  of  which  is  known  at 
but  three  points,  viz.,  Elkhart,  Goshen  and  New  Paris,  where  it 
is,  respectively,  122,  162  and  90  feet.  The  surface  of  this  drift 
is  more  level  than  in  the  counties  to  the  east  and  south,  an  area 
of  about  200  square  miles  in  the  northwestern  and  southeastern 
parts  of  the  county  being  composed  of  extensive  gravel  plains^ 
The  uplands  consist  of  till  plains,  with  an  area  of  125  square  miles, 
in  the  southwest  part  of  the  county,  and  of  morainic  belts,  more 
broken,  in  the  southern  and  western  portions.  The  wells  sunk  in 
the  vicinity  of  Elkhart  penetrate  a  thick  stratum  of  blue  clay 
and  obtain  water  in  a  coarse  gravel  near  the  bottom  of  the  drift. 
At  Goshen  a  stratum  of  blue  clay  19  feet  in  thickness  underlies 
a  two  to  five-foot  layer  of  surface  sand.     In  the  southwestern 
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part  of  the  county  the  surface  yellow  clay  runs  six  to  ten  feet 
thick,  below  which  is  sand  or  gravel  and  then  a  thick  stratum  of 
blue  clay. 

Along  the  St.  Joseph  River  west  of  Elkhart  are  found  exten- 
sive" deposits  of  the  plastic  blue-gray  marly  clay  described  above 
under  the  clays  of  St.  Joseph  County.  At  the  John  C.  Boss 
yard,  three  miles  west  of  Elkhart,  this  clay  occurs  18  to  90  feet 
in  thickness  beneath  six  to  eight  feet  of  sand  and  gravel.  It  is 
here  used  extensively  for  the  making  of  light-colored  building 
brick.  The  upper  four  feet  of _  the  clay  has  been  used  in  recent 
years  as  a  slip  clay  for  glazing  stoneware.  Mr.  Boss  reports  a 
sale  of  100  tons  for  such  purpose  in  1904.  This  brought  $2.50 
per  ton  f .  o.  b.  at  the  yard.  The  Elkhart  Brick  Co.  uses  the 
same  clay  at  a  point  a  half  mile  east  of  the  Boss  yard.  At  their 
pit  about  14  feet  of  the  blue  clay  is  exposed  beneath  three  to 
seven  feet  of  surface  gravel  and  sand.* 

At  Goshen  two  yards  are  making  soft  mud  red  brick  from  a 
"tough  yellow  surface  clay."  The  latter  runs  "18  or  more  feet 
in  thickness,  but  only  the  upper  two  to  six  feet  can  be  used  on 
account  of  lime  pebbles. 

Of  the  clays  near  Goshen  Mr.  George  Bemenderfer,  owner  of 
one  of  the  yards,  writes :  "A  well  on  our  yard,  in  the  northwest 
quarter  section  34  (37  N.,  6  E.),  two  miles  north  of  Goshen, 
shows  the  following  section : 

Section  of  Well  on  Bemenderfer  Yard. 

FeH, 

1.  Soil   1 

2.  Tough  yeUow  clay  18 

3.  Sand '.  6 

4.  Blue  clay   2Qf 

"We  are  making  a  very  good  red  brick  from  the  yellow  clay, 
but  using  only  two  feet  from  the  surface  on  account  of  lime.  We 
made  a  few  brick  from  the  blue  clay,  which  did  not  shrink  in 
drying  or  burning.  We  tried  to  melt  them  in  our  kiln,  but  could 
not  get  heat  enough,  as  the  yellow  clay  melted  at  too  low  a  tem- 
perature.  We  also  had  some  of  the  blue  clay  brick  in  the  fire 
box  of  a  large  boiler  for  two  years,  and  the  heat  had  no  effect 
upon  them.  I  thought,  therefore,  that  the  blue  clay  might  make 
good  fire  brick." 

*S6«  statiatieal  table  at  endf of  paper. 
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LAGRAN6B  CX)UNTY. 

On  the  northern  border  of  the  State,  and  in  the  second  tier 
of  counties  from  its  eastern  boundary,  is  Lagrange,  which  con- 
tains one  of  the  most  fertile  sections  of  northern  Indiana.  It 
has  an  area  of  393  square  miles,  and  lies  between  Elkhart  and 
Steuben  counties  and  north  of  Noble  County. 

The  elevation  of  the  county  is  between  897  and  1,027  feet 
above  tide,  and  the  whole  area  is  covered  with  drift  from  100  to 
200  feet  or  more  in  thickness,  the  bottom  of  which  has  rarely  if 
ever  been  reached.  "The  general  surface  slopes  gently  to  the 
north,  except  the  lake  region  of  Johnson  Township,  which  is 
drained  southward  into  the  Elkhart  Eiver,  the  crest  of  the  divide 
being  near  Valentine.  It  lies  entirely  upon  the  Saginaw  side  of 
the  Saginaw-Erie  interlobate  moraine  of  Chamberlain,  and  con- 
tains no  Erie  drift,  except  possibly  at  the  southeast  corner.  It  is 
crossed  by  two  terminal  moraines  of  the  Saginaw  glacier,  so 
that  about  one-half  of  the  county  presents  a  topography  of  a  dis- 
tinctly morainic  character,  but  its  outlines  and  distribution  are 
so  irregular  as  to  almost  defy  description  in  words.''* 

The  county  is  well  supplied  with  railways.  The  G.  R.  &  I. 
crosses  it  from  north  to  south  near  the  center,  passing  through 
Lima,  Lagrange  and  Wolcottville.  The  Chicago  Division  of  the 
Wabash  runs  along  its  southern  border,  crossing  the  G.  R.  &  I.  at 
Wolcottville.  The  Goshen  Branch  of  the  Lake  Shore  &  Michi- 
gan Southern  crosses  the  northwestern  corner,  passing  through 
Shipshewana  and  meeting  the  G.  R.  &  I.  at  Sturgis,  Mich.,  six 
miles  north  of  lima. 

The  prevailing  soil  of  Lagrange  County  is  a  sandy  loam, 
varied  by  gravel  and  gravelly  clay.  A  boring  for  water  on  the 
jail  yard  at  T^agrange  penetrated  15  feet  of  yellow  clay,  beneath 
which  was  50  feet  of  blue  clay,  alternating  with  thin  beds  of  sand. 
Of  four  wells  sunk  for  a  public  water  supply  within  the  town, 
whose  sections  are  given  by  Dr.  Dryer,  but  one  passed  through 
yellow  clay,  which  was  12  feet  thick,  beneath  four  feet  of  soil 
and  sand.  The  other  three  entered  blue  clay  at  depths  of  20  to  30 
feet.  A  well  in  the  southeast  part  of  the  county,  one-half  mile 
east  of  South  Milford,  passed  through  20  feet  of  sandy  yellow  clay 
into  a  49-foot  bed  of  blue  clay. 

*  Drytr.   Oeol.  of  LagraDie  Co.,  18th  Ann.  R«p.  Ind.  D«p.  Geol.  k  Nftt.  Rts.,  1803. 101. 
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The  clays  of  the  county  are,  so  far  as  noted,  surface  drift  or 
alluvial  clays,  no  deposits  of  silty  or  marly  clays,  such  as  occur  to 
the  west,  having  been  seen,  though  such  doubtless  occur  about 
some  of  the  many  lakes.  These  clays  are  worked  only  at  Topeka 
and  at  a  place  about  three  miles  north  of  Wolcottville.  At 
Topeka  the  surface  yellow  clay,  to  a  depth  of  four  feet,  is  used  in 
making  ordinary  brick,  the  output  being  but  about  275,000  per 
annum.  At  the  yard  north  of  Wolcottville,  in  the  southeast  quar- 
ter of  section  21  (36  N.,  10  E.),  a  stratum  of  clay  of  somewhat 
peculiar  qualities  is  worked.  It  crops  out  beneath  a  few  feet  of 
sandy  loam,  and  is  from  2  to  16  feet  thick.  The  upper  portion 
burns  to  the  ordinary  red  color  and  is  easily  fused.  The  lower 
portion,  at  successively  higher  temperatures,  passes  through  pink 
and  delicate  cream  to  a  yellowish  green  color,  and  is  not  readily 
fused.  The  capacity  of  the  factory  is  $3,500  worth  of  drain  tile 
per  season  and  20,000  common  brick  and  10,000  pressed  brick  per 
day.  The  common  brick  are  very  durable  for  outside  work.  The 
pressed  brick  are  fine  jn  finish,  and  their  delicate  tints  render 
them  very  desirable  for  veneering,  fireplaces  and  ornamental  work 
of  all  kinds. 

A  very  fine-grained,  plastic  clay  occurs  over  quite  an  area  in 
the  southwest  quarter  of  section  1  (36  N.,  11  E.),  about  one  mile 
north  of  the  Wabash  Railway.  For  four  years  it  has  been  utilized 
as  the  clay  ingredient  of  all  the  Portland  cement  made  at  the 
large  factory  of  the  Wabash  Portland  Cement  Co.,  located  at 
Stroh,  about  two  miles  to  the  southeast.  A  section  of  the  main 
pit  shows  about  as  follows : 

Section  at  Clay  Pit  of  Wabash  Portland  Cement  Co, 

^  Feet,         Inchee, 

1.  Sand 1  3 

2.  Clay    7  0 

3.  Clay  mixed  with  pebbles 3+         0 

The  clay  No.  2  ranges  from  2 J  to  12  feet  in  thickness,  but  only 
the  upper  six  feet  are  used,  after  stripping  the  sand,  the  remain- 
der containing  too  many  pebbles  of  lime  and  other  minerals  of 
drift  origin  to  be  available  for  cement  making.  The  clay  used  is 
light  brown  and  very  free  from  grit.  It  may  be  classed  as  exceed- 
ingly pure  for  a  clay  of  glacial  origin,  resembling  closely  the  yel- 
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low  loess  clays  of  southwestern  Indiana.  An  average  of  eight 
analyses  of  this  clay,  kindly  furnished  by  Mr.  Oglesbey,  the  for- 
mer chemist  at  the  plant,  is  here  given;  also  an  average  analysis 
furnished  by  W.  B.  Cady,  the  present  chemist : 

Average  of  Eight  Analyses  of  Siaface  Gay  Used  for  PorUahd  Ceme^it  Making  at 

Stroh,  Indiana;  Oglesbey,  CkemisL 

Silica  (SlOa)  56.74 

Alumina  (Al,OJ  19.43 

Ferric  oxide  (Fe,0.) 4.83 

Lime  (CaO)  7.27 

Magnesia  (MgO) 3.05 

Loss  on  ignition '. 10.39 

Total  101.71 


Analysis  of  Surface  Clay  Used  for  Portland  Cement  making  at  Stroh,  Indiana; 

Cady,  Chemist, 

Moisture 3.63 

Silica  (SlOi)  59.20 

Alumina  oxide  (A1,0.) 17.20 

Iron  oxide  (Fe,0|) ; . . .     3.00 

Calcium  carbonate  (CaOOg) 9.71 

Magnesium   carbonate  (MgCOa) 4.20 

Sulphuric  anhydride  (SO.) 60 

Alkalies,  etc.,  by  difference 2.46 

Total  100.00 

The  clay  covers  about  10  acres  belonging  to  the  Wabash  Port- 
land Cement  Company,  but  there  are  other  large  deposits  in  the 
near  vicinity.  Mr.  Cady  states  that  it  "is  suitable  in  every  respect 
for  the  manufacture  of  a  first-class  Portland  cement,  and  costs  us 
17  cents  per  ton  delivered  at  the  plant,  the  only  expense,  other 
than  freight,  being  the  v^ages  of  10  men  used  in  hauling  and 
handling  same, 'at  $1.75  per  day." 

In  addition  to  serving  as  the  clay  ingredient  of  Portland 
cem.ent,  the  quality  of  this  clay  would  justify  its  use  for  high- 
grade  pressed-front  brick,  terra  cotta,  encaustic  tile,  etc. 
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STEIUBBN  COUNTY. 


This  county  occupies  the  extreme  northeastern  comer  of  the 
State  of  Indiana.  It  is  bounded  on  the  north  by  Michigan,  on 
the  east  by  Michigan  and  Ohio,  on  the  south  by  DeKalb  County, 
Indiana,  and  on  the  west  by  Lagrange  County.  Its  area  is  311 
square  miles.  The  entire  county,  except  a  valley  in  the  southeast- 
em  corner,  is  more  than  900  feet  above  sea  level,  and  it  is  esti- 
mated that  more  than  one-half  of  the  county  is  over  1,000  feet 
above,  while  occasional  points  rise  to  1,150  feet.  With  the  excep- 
tion of  Randolph  County,  its  average  height  above  sea  level  is 
probably  greater  than  that  of  any  other  county  in  Indiana.  This 
great  elevation  is  not  due  to  an  elevated  rock  surface,  but  to  the 
heavy  accumulations  of  drift  which  everywhere  cover  the  under- 
lying sedimentary  rocks  to  a  depth  of  300  to  600  feet.  The 
deposition  of  the  drift  has  been,  in  most  parts  of  the  county,  very 
uneven,  and  has  given  rise  to  a  remarkable  group  of  rounded  hills 
and  irregular  valleys,  which  has  rendered  the  surface  picturesque 
to  a  degree,  hardly  surpassed  by  any  county  of  the  State. 

As  yet  the  county  is  but  fairly  well  supplied  with  transporta- 
tion facilities.  The  Fort  Wayne  Branch  of  the  Lake  Shore  & 
Michigan  Southern  Railway  enters  the  county  near  the  iaaiddle 
of  its  southern  boundary,  and  runs  through  it  in  a  northeasterly 
direction,  leaving  it  at  the  station  of  Ray,  three  miles  west  of  the 
northeastern  comer.  The  Chicago  Division  of  the  Wabash  Sys- 
tem runs  east  and  west  along  the  southern  edge,  crossing  the  L.  S. 
&  M.  S.  at  Steubenville.  This  leaves  a  large  area  of  the  western 
and  northwestern  portions  of  the  county  distant  12  to  17  miles 
from  a  railway.  Several  electric  lines  have  been  proposed 
through  this  section,  and  one  or  more  of  them  will  doubtless  be 
soon  constructed. 

In  this  county,  as  over  the  heavy  drift-covered  area  generally, 
a  yellow  clay  occurs  just  beneath  the  soil,  and  overlies  either  blue 
clay  or  gravel.  On  the  grounds  of  the  Tri-State  Normal  College, 
at  Angola,  a  well  sunk  to  a  depth  of  104  feet  penetrated  20  feet  of 
yellow  clay,  3  feet  of  blue  clay  and  75  feet  of  reddish,  gravelly 
clay  before  reaching  a  water-bearing  gravel.  A  well  sunk  on  the 
moraine  west  of  Angola  to  a  depth  of  130  feet  penetrated  yeUow 
and  blue  clays  for  most  of  the  distance,  as  did  also  one  100  feet 
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deep  three  miles  west  of  Hudson  and  one  103  feet  deep  two  miles 
southwest  of  Metz. 

The  yellow  surface  clays  of  the  county  furnish  easily  accessible 
deposits  of  most  excellent  brick-making  material.  In  the  low- 
lands about  the  margins  of  some  of  the  lakes  marly  or  silty  clays 
also  occur,  which  can  be  used  not  only  for  brick,  but  also  for  terra 
cotta  lumber,  fireproofing  and  similar  products.  At  the  present 
time  these  clays  are  utilized  only  at  Angola,  where  two  factories 
are  in  operation.*  At  the  yard  of  the  Angola  Brick  &  Tile  Co. 
three  kinds  of  clay  are  used,  viz.,  (a)  yellow  surface  drift  clay,  18 
inches  to  2  feet  thick,  that  bums  red;  (b)  yellow  marly  clay, 
three  to  five  feet  thick,  that  burns  white  or  buff;  (c)  blue  marly 
clay,  six  to  eight  feet  thick,  that  alsp  bums  white  to  buff.  The 
surface  clay  (a)  is  overlain  with  six  inches  of  soil,  which  is 
stripped.  The  yellow  and  blue  marly  clays  form  one  bed,  which 
is  overlain  with  three  to  four  feet  of  sand.  The  leachings  of  this 
sand  have  discolored  the  upper  portion  of  the  underlying  clay, 
changing  it  from  bluish  gray  to  buff. 

At  the  yard  of  Charles  A.  Bachelor  the  clay  in  the  pit  is 
exposed  to  a  depth  of  25  feet,  the  upper  four  feet  being  ordinary 
yellow  clay,  which  bums  red,  the  lower  21  feet  a  bluish  gray  silty 
clay  in  thm  layers,  with  a  coating  of  sand  between  them.  This 
burns  to  a  buff  or  straw  color.  Soft  mud  brick  and  drain  tile  are 
made  at  both  yards  from  these  clays,  but  the  marly  clays  could 
be  burned  into  hollow  fireproof  products  of  many  kinds.  They 
could  also  be  used  in  connection  with  the  marl  found  so  abun- 
dantly in  many  of  the  lakes  of  Steuben  County  in  the  making  of 
Portland  cement,  very  similar  marly  clays  from  La  Paz, 
Marshall  County,  being  used  for  that  purpose  at  the  large  works 
of  the  Sandusky  Portland  Cement  Co.,  at  Syracuse,  Ind.  They 
will  be  found  especially. fitted  for  terra  cotta  lumber,  such  as  is 
made  at  Hobart,  Lake  County,  and  a  factory  for  such  wares  in 
this  part  of  Indiana  would  prove  an  assured  success. 

*  Set  Btatifltioal  tftble  at  end  of  paper. 
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DEKALB  COUNTY. 

This  county  comprises  an  area  o£  369  square  miles,  and  lies 
just  south  of  Steuben,  on  the  eastern  boundary  of  the  State.  The 
whole  county  is  covered  by  a  heavy  mantle  of  drift,  which  borings 
show  to  be  in  some  places  400  feet  thick,  and  it  is  probable  that 
the  rock  nowhere  approaches  nearer  to  the  surface  than  200  feet. 
Except  a  small  portion  in  the  northwest  corner,  it  is  drained  by 
the  St.  Joseph  River  and  its  tributaries.  Over  the  greater  part 
of  the  county  there  is  a  till  plain,  whose  surface  ranges  from  850 
to  900  feet  above  tide.  The  northwestern  comer  is  occupied  by 
the  interlobate  moraine  of  the  Erie  and  Saginaw  lobes,  portions 
of  which  rise  above  the  1,000-foot  contour. 

The  railway  facilities  of  the  county  are  excellent.  Two  trunk 
lines  pass  through  it  from  east  to  west,  while  a  third  touches  its 
northern  border.  Two  important  divisions  of  these  lines  run 
north  and  south,  while  a  third  road  runs  diagonally  from  north- 
east to  southwest,  thus  furnishing  ample  outlets  in  all  directions. 

The  till  plain,  which  covers  the  greater  portion  of  the  county, 
is  composed  mostly  of  yellow  and  blue  clays  to  a  depth  of  60  feet 
from  the  surface.  Below  this  clay  the  drift  appears  to  be  very 
largely  sand  and  gravel.  At  Waterloo  the  surface  clays  run  40 
feet  in  thickness ;  at  Garrett,  about  50  feet.  A  well  on  the  farm 
of  C.  Hirsch,  near  Spencerville,  showed  the  constituents  of  the 
drift  to  be  arranged  as  follows : 

Section  of  Well  near  Spencerville, 

Feet. 

1.  YeUow  clay 10 

2.  Blue  clay 69 

3.  Fine  sand 120 

4.  Gravel   9f 

Of  the  clays  of  the  county  Dr.  Charles  Dryer  has  written  as 
follows : 

"Throughout  the  innumerable  variations  of  soil  in  Dekalb 
County  one  law  J)revails:  upon  the  elevations  the  soil  is  clay,  in 
the  valleys  sand  and  gravel.  The  railroad  cut  at  Corunna  shows 
18  feet  of  clay  underlaid  by  coarse  sand,  and  this  is  a  typical 
specimen.  Continued  observation  has  deepened  the  impression 
that  the  whole  region  was  originally  covered  by  a  sheet  of  clay. 
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which  subsequent  erosion  has  cut  through  and  removed,  except 
upon  the  higher  points.  The  source  and  manner  of  deposit  of 
this  upper  member  of  the  drift  is  still  an  open  question.  That  it 
was  the  surface  load  of  the  glacier  and  deposited  by  the  final  gen- 
eral melting  of  the  mass,  that  it  is  the  sediment  from  the  waters 
of  a  post-glacial  lake,  and  that  it  was  dropped  by  floating  icebergs 
are  each  possible,  but  hardly  satisfactory,  theories.  During  the 
post-glacial  subsidence  of  the  waters  and  the  rearrangement  of 
materials  some  remarkable  results  were  accomplished.  On  the 
farm  of  A.  Stapleton,  section  31,  Stafford,  in  a  basin  of  about 
ten  acres  extent,  under  three  or  four  feet  of  quaking  muck,  has 
been  found  a  bed  of  calcareous  clay  of  unusual  character.  Its 
color  is  a  very  delicate  light  gray^  which  darkens  a  little  on 
exposure  to  the  air.  When  wet  it  is  so  smooth  and  unctuous  as 
to  have  led  to  the  belief  that  it  contains  oil.  When  dry  it  forms 
a  compact  mass,  which  can  be  polished  until  the  surface  resembles 
glass  or  marble.  The  dry  powder  is  as  fine  and  soft  as  flour, 
without  a  particle  of  grit.  It  is  alkaline  in  reaction  and  acts  as  a 
very  efficient  cleansing,  scouring  and  polishing  agent  for  all  sur- 
faces. On  account  of  its  tenacity  it  can  be  molded  into  the  most 
delicate  ornamental  designs,  and  specimens  of  pottery  made  from 
it  bum  extremely  hard  and  of  a  light  terra  cotta  color.  The  fol- 
lowing analysis  shows  its  chemical  composition : 

m 

Analym  of  Marly  Clay  from  Land  of  A .  Stapleton, 

Silica  (SH>J 37.32 

Alumina  (A1,0,)   29.85 

Calcium  carbonate  (CaOO,) 15.00 

Magnesium  carbonate  (MgCO.) 1.84 

Ferric  oxide  (Fe,0,) 4.52 

Water,  combined  11.47 

"Its  physical  characters  are  more  remarkable  than  its  chemical. 

It  is  genuine  'rock  flour,'  which  can  be  produced  in  no  other  way 

than  by 

•    •    •    the  slow  and  ponderous  creep 

Of  ice  a  thousand  fathoms  deep. 

"By  what  delicate  adjustment  of  currents  was  this  flour  sorted 
out  from  all  admixture  of  coarser  particles  and  finally  deposited 
by  slow  settling  from  still  water  until  the  basin  of  the  little  lake 
WW  filled  with  it  to  a  depth  of  more  than  20  feet?    It  is  a  product 
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of  glacial  action  as  peculiar  and  characteristic  as  striated  stones, 
and  it  ought  to  be  distinguished  by  the  name  of  glacierite."* 

The  clay,  as  described,  is  evidently  one  of  the  silty  or  marly 
clays  found  about  the  lakes  in  many  of  the  counties  of  northern 
Indiana.  Wherever  found,  such  clays  will  be  found  suitable  for 
hollow  fireproofing,  and  especially  terra  cotta  lumber.  All  of 
them  burn  to  a  white  or  straw  color  on  account  of  the  high  per- 
centage of  lime  present. 

Brick  and  drain  tile  are  being  made  in  Dekalb  County  at  pres- 
ent at  Auburn,  Garrett,  Altona,  Waterloo  and  Moore.f  At  the 
yard  of  W.  I).  Miller,  three  miles  northeast  of  Auburn,  three  to 
four  feet  of  yellow  drift  clay  are  used,  after  stripping  eight  inches 
of  surface,  in  the  making  of  drain  tile.  At  Altona  six  inches  of 
black  soil  are  stripped  and  the  underlying  clay  used  to  a  depth  of 
iour  to  six  feet  in  making  drain  tile.  At  Auburn  Grogg  Bros,  use 
a  "yellow  clay  mixed  with  sand  to  a  depth  of  three  and  a  half  feet 
in  making  soft  mud  brick." 

NOBLE  COUNTY. 

Noble  County  is  in  the  second  tier  of  counties  south  of  Michi- 
gan and  in  the  second  tier  oast  of  Ohio.  It  is  bounded  on  the 
north  by  Lagrange,  on  the  east  by  Dekalb,  on  the  south  by 
Allen  and  Whitley  and  on  the  west  by  Elkhart  and  Kosciusko 
counties.  The  county  contains  417  sguare  miles,  and  lies  between 
868  and  1,018  feet  above  sea  lovely  the  lowest  point  being  the 
Elkhart  Rivel",  on  the  western  line  of  the  county,  and  the  highest 
the  summit  in  Wayne  Township,  three  miles  east  of  Kendallville. 

The  county  is  well  supplied  with  transportation  facilities,  being 
crossed  by  three  railways  and  touched  by  two  more.  The  G.  R. 
&  I.  passes  north  and  south  through  the  eastern  part,  the  B.  &  O. 
east  and  west  through  the  center,  aqd  the  L.  S.  &  M.  S.  east  and 
west  through  the  northern  tier  of  townships.  The  Eel  River  Divi- 
sion of  the  Vandalia  crosses  the  extreme  southeastern  comer, 
while  the  Chicago  Division  of  the  Wabash  touches  the  northern 
border  for  about  three  miles  in  Orange  Township. 

The  surface  of  tho  entire  county  is  deeply  covered  with  drift, 
the  known  thickness  of  which  ranges  between  169  and  485  feet, 

*  Geol.  of  Dekftib  Co.  in  16th  Adii.  Rep.  Ind.  Dep.  Geol.  A  Nat.  His.,  1888, 102. 
t  See  stAtistioal  table  at  end  of  paper. 
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The  greater  part  of  this  drift  covering  belongs  to  the  interlobate 
moraines  of  the  Erie  and  Saginaw  lobes.  The  Salamonie  or  Third 
Erie  moraine  crosses  the  southeastern  comer  of  the  county,  form- 
ing the  surface  of  Swan  and  a  small  portion  of  that  of  Greene  and 
Allen  townships.  The  Mississinewa  or  Fourth  Erie  moraine  cov- 
ers all  the  townships  of  Greene,  Jefferson,  Allen,  Orange  and 
Wayne.  The  western  part  of  the  county  is  covered  with  the  Sagi- 
naw Drift.  On  account  of  the  intermingling  or  merging  of  debris 
from  so  many  different  glacial  invasions,  the  surface  of  the  county 
is  extremely  diversified.  High  rounded  domes,  hills  and  ridges 
alternate  with  deep  valleys  and  level  plains  in  rapid  succession. 
Many  of  the  depressions  form  water-tight  basins,  occupied  by 
lakes  either  present  or  extinct.  The  latter  far  outnumber  the 
former,  the  combined  area  of  the  marshes,  which  occupy  the  sites 
of  former  lakes,  being  estimated  at  15  per  cent,  of  the  total  area 
of  the  county.  Many  of  these  marshes  still  retain  a  small  pool  of 
open  water  at  the  center,  the  last  vestige  of  a  once  noble  expanse 
of  water,  whose  area  has  become  gradually  lessened  by  the  en- 
croachment of  aquatic  vegetation  and  by  the  dredged  ditches  of 
mankind. 

The  Erie  slope  is  characterized  by  a  heavy  deposit  of  boulder 
clay  upon  all  the  higher  points,  sand  and  gravel  beimg  found  only 
in  the  valleys,  the  result  of  the  wash-  of  streams.  On  the  Saginaw 
slope  absolutely  no  clay  occurs  near  the  surface,  everything,  from 
the  highest  hilltops  to  the  lowest  depressions,  being  composed  of 
coarser  or  finer  sand  and  gravel,  except  where  covered  by  deposits 
of  peat.  The  thickness  of  the  drift  in  N'oble  County  is  known  at 
three  points — Ligonier,  Kendallville  and  Albion.  At  Kendall- 
ville  it  is  485,  at  Albion  375  and  at  Ligonier  165  feet  in  thickness. 
The  average  thickness  for  the  entire  county  may  be  estimated  at 
350  feet. 

At  Albion  the  beds  of  surface  yellow  clay  and  underlying  blue 
clay  have  each  been  found  to  be  10  feet  in  thickness,  with  thick 
beds  of  sand  and  gravel  and  alternating  thinner  beds  of  blue  clay 
beneath.  At  Kendallville  the  surface  yellow  clay  runs  5  to  10 
feet  in '  thickness,  with  sand  or  gravel  beneath,  though  at  one 
point  28  feet  of  yellow  clay  was  disclosed. 

Three  miles  east  of  Kendallville,  in  section  1,  Allen  Township, 
the  yellow  clay  is  14  feet  thick.    It  is  said  by  Lever ett  that  the 

31— G«olofy. 
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blue  clay  of  the  Erie  moraine  found  south  of  Kendallville  is  much 
harder  to  penetrate  than  the  clay  of  similar  color  north  and  west 
of  that  city,  A  well  one  mile  south  of  Kendallville  showed  the 
drift  constituents  to  be  arranged  as  follows : 

Section  of  Well  One  Mile  South  of  KendaUvUle. 

1.  Yellow  clay 20 

2.  Hard  blue  clay 40 

3.  Cemented  gravel 15 

4.  Water  gravel 10 

Northwest  of  Albion,  near  Eome  City,  the  yellow  clay  runs  up 
to  20  feet  in  thickness,  with  40  to  45  feet  of  a  soft  blue  adhesive 
clay  beneath.  Near  Skinner  Lake,  three  miles  west  of  Albion,  a 
well  passed  through  12  feet  of  yellow  and  52  feet  of  .soft  blue 
clay  before  striking  a  water-bearing  sand.  At  Ligonier  the  yellow 
clay  runs  10  to  20  feet  in  thickness  above  a  water-bearing  stratiun 
of  gravel. 

The  upper  portions  of  these  surface  drift  clays,  where  suffi- 
ciently free  from  gravel,  and  the  marly  or  silty  clays  found  below 
the  ^  muck  in  the  many  marshes  and  about  the  margins  of  the 
lakes  can  be  utilized  for  manufacturing  clay  wares,  the  former, 
mainly  for  soft  mud  brick  and  drain  tile,  the  latter  for  similar 
wares  and  also  for  hollow  fireproofing.  At  the  present  time  only 
the  drift  clays  are  utilized  at  Albion  and  Kendallville.  At  Albion 
but  two  to  three  feet  of  the  surface  clay  can  be  used,  the  lower 
portion  being  full  of  pebbles. 

KOSCIUSKO  COUNTY. 

Kosciusko,  one  of  the  largest  counties  in  Indiana,  lies  near  the 
center  of  the  second  tier  of  counties  south  of  the  Michigan  line. 
It  is  bounded  on  the  north  by  Elkhart,  on  the  east  by  Noble  and 
Whitley,  on  the  south  by  Wabash  and  Fulton  and  on  the  west  by 
Marshall  and  Fulton  counties.    Its  total  area  is  521  square  milee. 

Three  railways  run  entirely  across  the  county — ^the  Michigan 
Division  of  the  Big  Four  north  and  south  through  its  center;  the 
Pittsburgh,  Ft.  Wayne  &  Chicago  and  the  New  York,  Chicago  & 
St.  Louis  (Nickel  Plate)  east  and  west,  the  former  through  the 
center,  the  latter  across  the  middle  of  the  south  haK.  In  addition 
to  these  the  Baltimore  &  Ohio  cuts  across  the  northeastern  comer, 
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while  the  Eel  River  Division  of  the  Vandalia  just  touches  the 
southeastern  comer. 

The  continental  divide,  separating  the  Mississippi  and  Great 
Lakes  drainage  systems,  passes  through  the  northern  third  of  the 
county  in  a  northeast-southwest  direction.  The  streams  and  lakes 
in  the  northern  tier  of  townships  are,  therefore,  drained  through 
tributaries  of  the  St.  Joseph  River  into  Lake  Michigan,  while 
those  of  the  remainder  of  the  county  ^re  tributary  to  the  Tippe- 
canoe River,  one  of  the  main  branches  of  the  Wabash.  The  Tip- 
pecanoe enters  the  county  from  the  east,  a  little  north  of  the 
center,  and  flows  across  in  a  westerly-southwesterly  course.  The 
streams  of  the  extreme  southern  part  drain  into  Eel  River,  also 
a  tributary  of  the  Wabash. 

The  entire  surface  of  Kosciusko  County  is  covered  with  a  heavy 
mantle  of  drift,  which  is  largely  sand  and  gravel.  The  thickness 
of  this  is  known  only  in  the  vicinity  of  Warsaw,  the  county  seat, 
where  two  bores  for  gas  wells  showed  it  to  be,  respectively,  247 
and  255  feet,  while  in  a  third,  three  miles  west  of  Warsaw,  it  was 
243  feet.  The  eastern  and  southern  portions  of  the  county  are 
situated  on  the  interlobate  moraine  of  the  Saginaw  and  Erie  lobe, 
except  the  extreme  southeastern  poi*tion,  which  is  occupied  by  a 
moraine  of  the  Erie  lobe.  The  northwestern  portion  of  the 
county,  comprising  about  one-fourth  of  its  area,  is  occupied 
largely  by  gravel  plains  and  by  marshes.  The  general  elevation 
of  these  plains  is  about  800  feet  above  tide.  The  moraine  stands 
920  feet  or  more  in  its  higher  portions. 

Over  the  northern  part  of  the  county,  in  the  vicinity  of  Mil- 
ford,  Oswego  and  North  Galveston,  almost  all  surface  wells  pene- 
trate sand  and  gravel  15  to  25  feet  thick  before  reaching  clay. 
At  Atwood  and  Etna  Green  the  yellow  clay  runs  up  to  20  feet  in 
thickness.  Around  Turkey  Lake  blue  clay  is  found  at  a  depth  of 
12  to  15  feet,  while  from  two  to  four  miles  east  of  Warsaw  the 
wells  are  largely  through  clay  beds  and  have  a  depth  of  18  to  40 
feet.  The  surface  clays  are  utilized  for  brick  and  tile  only  at 
three  or  four  different  yards  in  the  county.*  One  mile  north  of 
Warsaw  two  and  a  half  feet  of  yellow  surface  clay  is  used  without 
stripping  for  making  brick,  while  at  Nappanee  both  brick  and  tile 
are  made  from  three  to  four  feet  of  surface  clay,  after  removing 

» 
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eight  inches  oi  black  loam.  At  Packerton  tile  from  3  to  12  inches 
in  size  are  also  made  from  surface  clay,  the  thickness  of  the  work- 
able portion  ranging  from  18  inches  to  3  feet,  while  at  Silver 
Lake  a  "tile  clay"  five  feet  thick  is  utilized. 

MARSHALL  COUNTY. 

Marshall  County  lies  south  of  St.  Joseph,  in  the  second  tier 
south  of  the  Michigan-Indiana  line.  It  is  bounded  on  the  east 
by  Elkhart  and  Kosciusko,  on  the  south  by  Fulton  and  on  the 
west  by  Starke  and  St.  Joseph  countiea.  In  outline  it  is^  almost 
square,  and  contains  an  area  of  440  square  miles.  The  Tippecanoe 
River  f prms  a  loop  in  the  extreme  southeast  comer,  entering  three 
miles  north  and  leaving  three  and  a  half  miles  west  of  the  corner. 
Yellow  Kiver  is  formed  by  the  junction  of  its  three  main  branches 
in  the  northeastern  part  of  the  county,  and,  flowing  in  a  south- 
westerly direction,  leaves  the  western  edge  on  the  line  between 
West  and  Union  townships.  Yellow  Bank  and  Pine  Creeks,  tribu- 
taries of  the  Kankakee,  drain  the  northwestern  fourth  of  the 
county. 

Railway  facilities  are  ample,  three  great  trunk  lines,  viz.,  the 
Baltimore  &  Ohio,  Pittsburgh,  Ft.  Wayne  &  Chicago  and  "Nickel 
Plate,"  crossing  the  county  from  east  to  west,  while  the  Logans- 
port  Division  of  the  Vandalia  crosses  from  north  to  south  and 
the  Lake  Erie  &  Western  from  southeast  to  northwest.  Three  of 
these  lines  converge  at  Plymouth,  the  county  seat,  and  furnish 
an  excellent  outlet  in  all  directions. 

The  entire  county  is  covered  with  glacial  debris,  the  bottom  of 
which  has  been  reached  only  at  Plymouth,  where  stratified  rock 
was  found  at  a  depth  of  242  feet.  The  prominent  Maxinkuckee 
moraine  passes  through  the  western  range  of  townships  from 
south  to  north.  In  the  southwestern  part  of  the  county  it  forms 
a  series  of  morainic  knolls  and  ridges  about  Lake  Maxinkuckee, 
which  add  much  to  the  attractiveness  of  the  scenery  about  the 
lake.  Outside  of  the  area  covered  by  this  moraine  the  surface  of 
the  county  is,  for  the  most  part,  a  gently  undulating  plain,  broken 
only  by  shallow  ravines  and  valleys  formed  by  the  erosion  of  the 
streams  above  mentioned. 

Over  the  greater  part  of  the  county  the  surface  of  the  drift  is 
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mainly  sand  or  gravel.  At  Bremen,  in  the  northeastern  part,  there 
is  a  small  ridge,  formed  mainly  of  clay.  One  well  in  the  western 
part  of  the  village  passed  through  100  feet  of  blue  clay.  In  the 
vicinity  of  Plymouth  the  first  clay  occurs  at  a  depth  of  40  to  50 
feet.  Flowing  wells  occur  along  the  Yellow  Eiver  bottoms,  also 
along  Yellow  Bank  Creek,  near  Teegardi&n.  At  the  latter  place 
much  blue  clay  is  passed  through  before  reaching  the  water-bear- 
ing horizon.  Around  the  borders  of  Lake  Maxinkuckee  are  a 
number  of  flowing  wells.  Two  of  these,  on  the  northeast  shore, 
are  72  feet  in  depth  and  have  the  following  section: 

Section  of  Flowing  WelU  on  NorChecat  Shore  of  Lake  Maxinkuckee, 

Feet. 

1.  Soil  and  yeUow  clay 8 

2.  Sand 14 

3.  Blue  clay 38 

4.  Sand  and  gravel 12 

Near  the  Highland  House  D.  W.  Monnan,  of  Indianapolis,  has 
several  wells,  in  the  deepest  one  of  which  the  water  flow  was 
obtained  from  the  sand  above  the  blue  clay,  the  section  being  as 

follows:  \        '  (  ';      I  ' '      i      : 

Section  of  Mormon  Well,  Lake  Maxinkuckee, 

FeeL 

1.  Yellow  day   11 

2.  Sand 26 

3.  Blue  clay 02 

The  commercially  available  clays  of  Marshall  County  are  the 
surface  drift  clays  and  the  silty  or  marly  deposits  of  the  old  lake 
basins.  One  of  the  latter  deposits,  located  a  little  over  a  mile 
west  of  La  Paz,  northeast  quarter  of  section  30  (35  N.,  2  E.),  is 
owned  by  the  Sandusky  Portland  Cement  Co.,  and  furnishes  the 
clay  ingredient  for  all  the  Portland  cement  made  at  their  large 
plant  at  Syracuse,  Ind.,  30  miles  to  the  east.  This  plant  is 
operated  by  the  wet  process,  marl  forming  the  carbonate  of  lime 
ingredient.  The  B.  &  O.  Railway  runs  through  the  center  of  the 
clay  deposit  owned  by  the  company,  the  clay  being  shipped  over 
that  line  to  the  plant.  At  the  main  pit  the  stripping  of  soil  and 
sand  runs  about  two  and  a  half  feet  in  thickness  and  the  clay  from 
12  to  20  feet.  Beneath  the  clay  is  eight  inches  of  gravel  and 
hardpan,  which  overlies  a  stratum  of  sand.    The  clay  is  an  exceed- 
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ingly  fine-grained,  soft,  gritless,  silty  material  of  two  colors,  one 
forming  the  upper  bed,  five  to  nine  feet  in  thickness,  being  bufE ; 
the  other,  or  low^  bed,  7  to  11  feet  thick,  being  grayish-blue. 
Analyses  of  the  two,  kindly  furnished  me  by  M.  M.  Smith,  chem- 
ist at  the  plant,  show  their  composition  to  be  as  follows : 

Analyses  of  Silty  Clays  Used  in  the  Making  of  Portland  Cement  at 

Synicuse,  Indiana, 

Upper  or  Lower  or 

Buff.  Orav  Blue. 

Silica  (SIO  70.22  55.50 

Alumina  (MOJ 13.95  11.95 

Ferric  oxide  (Fe,OJ 4.97  4.37 

Calcium  oxide  (CaO) 1.94  8.30 

Magnesium  oxide  (MgO) 2.15  5.51 

Sulphuric  anhydride  (SOJ 20  1.20 

Potassium  oxide  (K,0) 2.24  .85 

Sodium  oxide  (Na,0) 57  .19 

Carbon  dioxide  (COj),  water,  etc 4.118  12.45 

Total    100.42  100.32 

The  analyses  show  the  blue-gray  clay  to  belong  to  the  marly 
group,  while  the  composition  of  the  upper  or  buff  clay  is  very 
similar  to  that  of  some  of  the  surface  loess  clays  of  southern 
Indiana.* 

Regarding  the  high  percentage  of  magnesia  in  the  lower  clay, 
Mr.  Smith  wrote  as  follows : 

"The  5.51  per  cent,  of  magnesium  oxide,  as  shown  in  the 
analysis  of  the  blue  clay,  is  somewhat  high,  providing  that  the 
marl  with  which  it  is  mixed  is  relatively  high.  Our  marl,  how- 
ever, very  seldom  runs  over  2  per  cent,  magnesium  oxide,  and 
the  average  would  probably  be  closer  to  1  per  cent.  Inasmuch 
as  we  use  approximately  one  part  clay  to  four  parts  marl  for  our 
mix,  you  can  readily  see  that  using  marl  and  clay  maximum  in 
magnesium  oxide,  our  finished  cement  v/ould  only  contain  about 
4  per  cent.  Eecent  investigation  has  shown  that  5  per  cent, 
magnesium  oxide  is  not  deleterious  to  the  quality  of  Portland 
cement,  the  hydraulic  constituents,  of  course,  being  in  correct  pro- 
portions, properly  mixed  and  burned.  However,  our  method  of 
digging  the  clay  at  the  pit  is  such  that  we  receive  here  at  the 
works  about  an  equal  amount  of  blue  and  yellow  clay,  pretty  well 
mixed.     An  average  of  the  two  analyses  would  show  3.83  per 

*  See  pp.  28,302. 
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cent,  magnesium  oxide,  which  would  figure  about  3  per  cent, 
in  the  finished  cement,  or  well  within  the  5  per  cent,  limit.  We 
find  the  clay  in  every  way  suitable  for  the  purpose  for  which  it  is 
used." 

This  clay  deposit  is  located  at  the  highest  point  on  the  B.  &  O. 
Kailway  between  Syracuse  and  Chicago,  and  it  was  found  neces- 
sary, when  digging  the  well  which  supplied  water  at  the  pit,  to 
go  down  110  feet.  Between  the  property  and  La  Paz,  however, 
there  is  a  marshy  tract  of  land,  and  without  doubt  the  clay  is  on 
the  site  of  an  ancient  lake  or  swamp. 

At  the  present  time  the  clay  is  excavated  and  loaded  into  rail- 
way cars  by  a  steam  shovel,  from  200  to  300  tons  being  loaded 
each  day.  By  this  means  the  clay  costs  about  36  cents  per  ton 
delivered  at  the  Syracuse  plant.  Five  men  are  employed  in  dig- 
ging it,  their  average  daily  wage  being  $1.50.  About  46,000  tons 
were  used  in  1904. 

Deposits  of  similar  marly  clays  will  doubtless  be  found  beneath 
the  sites  of  former  lakes  in  many  parts  of  Marshall  County.  The 
surface  clays  of  the  county  are  at  present  .burned  into  clay  wares 
at  Teegarden,  Argos  and  at  a  point  seven  miles  north  of  Plymouth. 
At  the  latter  place  J.  W.  Thomas  &  Son  make  brick,  drain  tile 
and  hollow  block  from  a  "black  gumbo  surface  underlain  with 
blue  clay,  the  two  together  being  from  4  to  10  feet  thick."  The 
output  is  mostly  drain  tile,  which,  in  1904,  were  sold  at  the  follow- 
ing prices : 

Price  Lint  of  Drain  Tile  in  Marshall  County, 

Per  Rod.     Per  IfiOO  Feet. 

3  Inch »0  16  ^10  00 

3i   inch 20  12  50 

4  inch 22  15  00 

5  inch 32  20  00 

6  inch ; 40  25  00 

7  inch 51  32  00 

8  inch 64.  4000 

9  inch 80  50  00 

10  inch 104  6500 

12  inch 144  9000 

At  Teegarden  a  blue  clay,  six  to  eight  feet  deep,  is  used  in 
making  the  same  class  of  products  as  at  the  Thomas  yard,  while 
at  Argos  the  upper  three  feet  of  a  bed  of  bluish  clay,  said  to  be 
60  feet  thick,  is  used  for  drain  tile. 
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STARKE  COUNTY. 

Starke  County  lies  west  of  Marshall,  in  the  second  tier  of  coun- 
ties south  of  Michigan,  and  in  the  third  east  of  Illinois.  Its  east- 
ern border  is  18  miles  and  its  southern  border  24  miles  in  length. 
Nine  miles  west  of  its  northeastern  corner  the  Kankakee  Kiver 
intervenes  between  it  and  Laporte  County,  and,  flowing  south- 
westerly, forms  the  remainder  of  the  northern  and  all  but  five 
miles  of  the  western  boundary.  Yellow  Kivelr,  flowing  west 
through  the  center  of  the  county,  and  Bogus  Kiver  and  Pine 
Creek,  north  through  the  southwestern  fourth,  empty  into  tho 
Kankakee.  Bass  Lake,  formerly  known  as  Cedar  Lake,  lies  in 
the  southeastern  part,  and  is  2.23  square  miles  in  are^  with  an 
average  depth  of  about  20  feet. 

The  county  is  well  supplied  with  railways,  four  passing  entirely 
across  it,  while  one,  the  Panhandle  Division  of  the  Pennsylvania 
System,  cuts  its  southwestern  comer.  Those  crossing  it  from  east 
to  west  are  the  Pittsburgh,  Fort  Wayne  &  Chicago,  across  the 
northern  third;  the  New  York,  Chicago  &  St.  Louis  (Nickel 
Plate),  across  the  center,  and  the  Chicago  &  Erie  across  the  south- 
em  third.  The  Indiana,  Illinois  &  Iowa  ("Three  I")  enters  the 
extreme  southwestern  corner  of  the  county  and  leaves  the  north- 
eastern, thus  cutting  diagonally  its  full  length. 

The  county  has  an  area  of  314  square  miles,  the  surface  of 
which  is  diversified  by  marsh,  wet  prairie,  dry  prairie  and  sand 
ridge,  the  latter  predominating.  More  than  half  the^area  is  cov- 
ered to  a  depth  of  2  to  15  feet  by  the  fine-grained  buff  sand  so 
characteristic  of  all  the  region  adjacent  to  the  Kankakee  on  the 
south.  Experience  has  proven  that  this  sandy  soil,  if  properly 
cultivated,  will  produce  excellent  melons,  cucumbers,  sugar  beets, 
berries,  grapes,  etc.  Where  ploughed  deep  and  fertilized  it  also 
yields  good  crops  of  com,  oats  and  potatoes.  Within  the  past  ten 
years  colonies  of  frugal,  industrious  Germans  and  Swedes  have 
bought,  at  a  low  price,  large  areas  of  this  once  despised  land  and 
are  making  a  good  living  from  it.  They  utilize  all  fertilizers  pro- 
duced on  the  farm;  they  haul  muck  from  the  lowlands  and  mix 
it  with  the  sand;  they  plough  deeply  each  se^on,  and  by  these 
means  and  others  are  proving  the  land  of  far  greater  productive 
power  than  it  waa  ever  believed  to  bo. 
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Many  thousand  acres  of  the  marsh  land  in  the  northern  half  of 
the  county  have  been  recently  drained^  and  where  a  few  years  ago 
the  waters  were  waist  deep  the  year  round  bountiful  crops  of  corn 
are  now  produced.  That  the  county  is  rapidly  coming  to  the  front 
agriculturally  is  proven  by  the  growth  of  Knox^  the  county  seat, 
where  a  number  of  fine  business  blocks  have  been  erected  since 
1897,  and  where  a  $90,000  court  house  was  finished  in  1898. 

Not  an  outcrop  of  rock  occurs  in  the  county.  The  only  bores 
known  to  have  pierced  the  thick  mantle  of  drift  are  at  Knox  and 
North  Judson,  in  both  of  which  stratified  rock  was  found  about 
200  feet  below  the  surface. 

Beneath  the  sand,  the  prairie  sod  and  marsh  bottoms  of  Starke 
County  there  is  everywhere  the  fine-grained,  ash-blue  boulder  clay 
which  covers  the  entire  area  of  northwestern  Indiana.  In  many 
places  this  comes  close  to  the  surface.  At  the  north  end  of  Bass 
Lake  it  is  nine  and  a  half  feet  thick  beneath  two  to  ten  feet  of 
sand.  Along  the  east  border  of  the  county  a  number  of  wells  have 
been  put  down  to  depths  of  30  to  100  feet,  mainly  through  yellow 
and  blue  clays.  One  of  the  deepest,  on  the  land  of  J.  Pe,tte,  in 
section  24  (32  N.,  1  W.),  disclosed  the  following  drift  constitu- 
ents: 

Section  of  Wdl  in  Eastern  Starke  County . 

FeH. 

1.  YeUow  clay 12 

2.  Blue  clay 16 

3.  Gray  sand   62 

4.  Blue  day , 4 

5.  Cemented  sand  and  gravel 15 

A  mile  north  a  well  on  the  land  of  David  Fetter  passed  through 
a  12-foot  layer  of  blue  clay  five  feet  below  the  surface. 

Several  brick  factories  have,  in  the  past,  been  started  in  Starke 
County,  but  usually  by  some  one  inexperienced  in  clay  working 
and  without  capital.  As  a  result,  they  were  failures,  and,  after 
a  -few  kilns  were  burned,  they  were  abandoned.  One  of  these 
factories  was  located  in  section  5  (32  N.,  2  W.),  a  mile  and  three- 
quarters  east  of  Toto,  a  station  on  the  "Three  I"  Railway.  A 
record  of  the  well  on  the  former  yard  is  as  follows : 
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Section  of  Well  East  of  Toto. 

Feet. 

1.  Sand 2 

2.  Yellow  clay  4 

3.  Blue  clay 38 

4.  Sand 8 

5.  Blue  clay 23 

6.  Sand  5 

The  clay  used  was  that  from  stratum  No.  2,  mixed  with  a  foot 
or  two  of  that  from  No.  3.  It  contained  quite  a  percentage  of 
disseminated  carbonate  of  lime,  but  no  lime  pebbles.  The'  mix- 
ture burned  red  and,  from  samples  of  brick  and  tile  left  on  the 
yard,  produced  wares  of  good  quality.  Wood,  costing  but  $1.25 
per  cord,  was  used  for  fuel,  and  the  brick  were  sold  at  the  yard  for 
$6.00  per  thousand.  They  were  made  on  a  Penfield  brick  and  tile 
machjne  and  dried  in  an  open  yard.  The  parties  claimed  that  the 
location  was  too  distant  from  Knox,  about  five  miles  to  the  north- 
east, where  the  brick  were  mostly  sold,  and  that  the  demand  was 
too  limited  to  continue  the  business. 

On  the  land  of  Isaac  K.  Bascom,  northeast  quarter  of  section 
1  (32  N.,  3  W.),  one-third  of  a  mile  west  of  Toto,  a  reddish-yel- 
low clay  comes  to  the  surface  near  the  right  of  way  of  the  "Three 
I"  Railway.  This  clay  has  been  proven  by  tests  in  three  facto- 
ries to  be  well  fitted  for  the  making  of  brick  and  tile.  It  contains 
some  pebbles,  and  a  disintegrator  and  crusher  would  have  to  be 
used.  This  location  is  one  of  the  best  in  the  county  for  a  clay 
factory  for  brick  and  tile,  as  a  switch  could  be  put  into  the  plant 
with  but  little  expense.  Water  in  abundance  can  be  obtained  at 
all  seasons  from  the  Bass  Lake  outlet,  which  passes  through  the 
deposit.  A  factory  started  at  this  place  could  supply,  at  a  low 
rate,  all  the  brick  needed  in  the  towns  of  Starke  County  along  the 
"Three  I"  Kailway,  and  at  the  same  time  the  constantly  increas- 
ing local  demand  for  tile  among  the  farmers.  At  present  these 
clay  products  are  mostly  shipped  into  both  Knox  and  North  Jud- 
son  from  other  counties. 

The  only  clay-working  plant  at  present  in  existence  in  the 
county  is  that  of  Marquis  &  Keller,  located  three  and  a  half  miles 
west  of  Knox.  A  bluish-gray  surface  clay  is  used  to  a  depth  of 
five  feet,  after  stripping  about  six  inches  of  surface.  The  main 
output  is  drain  tile,  made  on  a  Wallace  machine,  dried  in  sheds 


01^ YS    OF   STABKE    COUNTY.  491 

and  burned  in  a  round,  down-draft  kiln.  On  account  of  an  over- 
flow of  Yellow  River  in  the  spring  of  1904,  which  flooded  the 
plant  and  rendered  the  roads  leading  thereto  impassablei,  it  waa 
not  operated  during  that  season. 

Three  miles  south  of  Knox,  on  the  land  of  John  Lindstrand, 
northwest  quarter  of  section  3  (23  N.,  2  W.),  occurs  a  deposit  of 
clay  suitable  for  brick  and  tile.  It  covers  40  or  more  acres,  and 
comes  to  within  less  than  a  foot  of  the  surface. 

On  the  line  between  Marshall  and  Starke  counties,  section  36 
(33  N.,  1  W.),  a  brick  ai^d  tile  factory  was  in  operation  for  a 
number  of  years,  but  has  been  recently  abandoned  on  acount  of 
its  distance  from  a  town  of  any  size.  I  did  not  visit  this  point, 
but  was  informed  that  the  wares  gave  good  satisfaction  wherever 
used. 

Nine  miles  west  of  Knox,  on  the  land  of  Fred.  Surma,  north- 
east of  33  (33  N.,  3  W.),  a  number  of  kilns  of  brick  have  been 
burned  to  supply  a  local  demand,  but  no  permanent  factory  has 
been  started.  Just  across  Yellow  River,  one-third  of  a  mile  north 
of  the  court  house  at  Knox,  several  kilns  were  also  made  a  num- . 
ber  of  years  ago  from  an  alluvial  deposit,  but  the  clay  is  of  poor 
quality  and  in  no  place  more  than  two  feet  in  thickness,  and  over- 
lies a  bed  of  sand.  It  was  used  only  because  no  better  deposit 
was  thought  to  occur  in  the  county. 

These  constitute  all  the  points,  so  far  as  could  be  ascertained, 
at  which  clay  suitable  for  brick  or  tile  comes  close  to  the  surface 
in  Starke  County.  By  stripping  the  sand  the  blue  clay  will  be 
everywhere  found,  but  ordinary  brick  have  not,  as  yet,  been  made 
from  it.  Custom  has  established  the  idea  that  brick  and  tile 
should  be  of  a  red  color,  and  since  the  blue  clay  bums  yellow,  it 
is  wrongly  considered  to  be  useless  for  such  wares.  At  any  one 
of  two  or  three  of  the  points  mentioned  a  man  with  a  practical 
knowledge  of  clay  working  and  possessed  of  energy  could  estab- 
lish a  combined  brick  and  tile  factory  on  a  paying  basis,  since  a 
county  which  is  advancing  as  rapidly  as  Starke  should  by  all  means 
support  at  least  one  such  factory  within  her  bounds. 
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JASPER  COUNTY. 


Jasper  County  lies  east  of  Newton  and  south  of  the  Kankakee 
River,  which  forms  its  northern  boundary.  The  Iroquois  Kiver, 
with  its  tributaries,  Pickamink  Eiver  and  Carpenter's  Creek, 
drains  about  three-fourths  of  its  area.  The  county  contains  about 
565  square  miles  of  surface,  which  is  very  diversified  in  character. 
The  northern  half  is,  for  the  most  part,  sandy,  with  intervening 
low  prairies,  marshes  and  ridges,  and  knolls  covered  with  scrub  oak 
timber. 

The  marshes  and  wet  prairies,  when  drained,  produce  excellent 
crops,  and  comprise  the  best  land  in  this  section  of  the  county. 
In  Berkley,  Gillara  and  Walker  townships  is  one  tract  of  33,000 
acres,  owned  by  Benjamin  J.  Giflford,  of  Kankakee,  Illinois,  a 
large  portion  of  which  has  been  drained  since  1893.  Immense 
crops  of  oats  and  com  are  produced,  and  a  thriving  farming  com- 
munity now  exists  where,  but  a  few  years  ago,  only  the  wild  duck 
and  the  muskrat  flourished.  The  southwestern  part  of  the  county 
is  a  gently  rolling  prairie  of  black,  loamy  soil. 

"In  the  northern  part  of  the  county  the  drift  deposits  are  75 
,  to  200  feet  in  depth,  but  in  the  central  and  southern  portions,  al- 
though the  altitude  is  as  great  as  in  the  northern  portion,  the 
drift  deposits  are  generally  quite  thin,  there  being  often  only  a 
coating  of  sand,  10  to  20  feet  in  depth." 

The  clays  of  Jasper  County  are  the  characteristic  drift  and 
marly  clays  of  Northwestern  Indiana.  ThcT  best  grade  of  clay 
noted  is  located  two  miles  north  of  Eensselaer,  in  section  7  (29  N., 
6  W.),  and  is  utilized  for  drain  tile  by  Alter  &  Wolfe.*  A  prom- 
inent ridge  rises  30  or  more  feet  above  the  plain  on  which  Rens- 
selaer stands,  passes  east  and  west  through  this  and  adjoining 
sections,  and  contains  the  deposit  of  clay.  At  the  pit  near  the 
smnmit  of  this  ridge  the  section  exposed  was  as  follows : 

Section  at  Clay  Pit  of  AUer  A  Wolfe. 

Feei,  Inektt, 

1.  Soil   0  8 

2.  YeUow  clay  with  occasional  pebbles 3  6 

3.  Grayish  blue  clay 10  0 

A  well  close  to  the  pit  pierced  the  blue  clay  to  a  depth  of  126 
feet  before  striking  a  water  supply  in  gravel.    In  the  making  of 

^B—  lUUitioal  Uble  »!  end  of  paper. 
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tile  but  a  few  inches  containing  the  roots  of  grass  are  stripped, 
and  the  clay  from  top  to  bottom  of  the  pit  is  mixed  in  the  pro- 
portion in  which  it  occurs.  This  mixture  is  soaked  for  a  day  or 
two  and  then  passed  through  a  Potts  disintegrator  and  made  into 
tile  on  a  New  Departure  machine.  The  mixture  burns  pinkish  on 
account  of  the  presence  of  the  top  stratum.  By  itself  the  lower 
stratum  burns  to  a  cream  color. 

The  grayish  blue  clay  is  very  hard  and  has  to  be  dug  with  a 
pick,  as  a  spade  will  not  penetrate  it.  It  is  fine-grained  and  very 
stiff  and  tenacious.  It  makes  a  firm,  smooth  tile  of  excellent  qual- 
ity, for  which  the  demand  has  lately  been  greater  than  the  supply. 
With  proper  weathering  and  tempering  it  could  be  made  into 
hollow  brick,  flue  linings,  fireproofing  and  many  similar  products, 
but  contains  too  high  a  percentage  of  fluxes  for  paving  brick, 
sewer  pipe  or  other  vitrified  wares.  The  deposit  of  this  clay  comes 
close  to  the  surface  over  several  sections,  both  east  and  west  of 
the  point  where  it  is  worked,  and  its  quality  is  such  as  to  merit  a 
more  extended  use. 

Just  west  of  Eensselaer,  on  the  north  half  of  section  25  (29  N., 
7  W.),  John  Kohler  &  Son  made  brick  and  tile  for  several  years. 
The  section  exposed  at  their  clay  pit  was  as  follows : 

Section  at  Old  Clay  Pit  of  Kohler  dc  Son. 

Feet.         Inches. 

1.  Soil  and  surface  clay 1  6 

2.  Tough,  plastic  bluish  clay 4  0 

3:  Bluish  pebbly  clay 1  6 

4.  Bluish  clay  free  from  pebbles 9  0 

Stratum  No.  1  was  used  for  making  brick  and  No.  2  for  tile. 
Were  it  not  for  the  heavy  stripping  the  lower  stratum,  No.  4, 
could  be  used  for  brick.  It  has  been  tested,  and  forms  a  very 
hard,  whitish  product.  Clays  of  the  same  quality  as  tl^ose  of  this 
yard  occur  close  to  the  surface  over  an  area  one  and  a  quarter 
miles  long  and  half  a  mile  wide  west  of  Eensselaer. 

On  the  land  of  John  T.  Eandall,  near  the  postofRce  of  Pleasant 
Grove,  ten  miles  northeast  of  Eensselaer,  drain  tile  has  been 
made  for  18  years.  The  material  used  is  the  ordinary  fine-grained 
blue  clay,  mixed  with  about  one  foot  of  black  soil  and  two  feet 
of  red  clay.     The  blue  clay  at  this  point  is  50  feet  in  thickness. 
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Wares  made  of  it  alone  air-crack  in  drying.  Many  unburned  tile 
which  had  been  exposed  to  a  strong  wind  and  had  cracked  were 
scattered  about  the  yard.  Some  trouble  is  also  experienced  with 
lime  pebbles  in  the  red  clay.  The  owner  claimed  that  below  the 
depth  exposed  the  blue  clay  became  of  the  same  character  as  that 
north  of  Bensselaer. 

Good  clay  for  drain  tile,  fireproofing,  etc.,  also  occurs  on  the 
land  of  John  English,  northeast  quarter  of  section  9  (29  N.,  6 
W.),  and  on  that  of  Murray  Bros.,  northeast  quarter  of  section  10 
(29  K,  6  W.). 

On  the  land  of  Dr.  W.  W.  Hartsell,  two  miles  west  and  one 
mile  south  of  Rensselaer,  a  well  section  showed  4  feet  of  soil  and 
loam  and  30  feet  of  clay,  the  latter  being  very  sticky,  fine-grained 
and  free  from  grit  or  pebble.  Just  as  it  comes  from  the  bed  it 
can  be  formed  by  the  hands  into  shallow  vessels,  which  will  hold 
water  until  it  evaporates.  It  can  be  burned  into  solid  fireproofing, 
flue  linings,  foundation  brick,  etc.,  but  will  probably  need  some 
tempering  with  sand  on  account  of  its  great  tenaciousness. 

A  similar  clay  to  that  on- the  Hartsell  farm  is  exposed  in  a  large 
dredged  ditch  in  Milroy  Township.  This  ditch  is  a  mile  in  length, 
extending  from  the  center  of  section  10  to  the  center  of  section 
15  (28  north,  6  west).  The  upper  portion  of  the  clay  lies  from' 
two  to  four  feet  below  the  surface,  but  its  thickness  has  never 
been  ascertained.  When  damp  it  can  be  cut  into  ribbon  as  thin  as 
a  knife  blade  and  a  yard  long.  When  dry  it  is  very  hard  and 
tough.  It  is  probably  too  far  distant  from  a  railway  for  utiliza- 
tion. 

At  Remington,  on  the  P.,  C,  0.  &  St.  L.  Railway,  near  the  south- 
em  edge  of  the  county,  .a  tough  blue  clay,  eight  to  ten  feet  thick, 
is  made  into  tile  by  Greene  &  Bowman.  It  lies  immediately  be- 
low eight  inches  of  soil,  part  of  which  is  mixed  with  it  when  used. 
It  contains  numerous  pebbles,  which  must  be  crushed  or  thrown 
out  by  a  disintegrator,  but  otherwise  is  well  suited  for  tile-making. 

This  comprises  all  the  exposures  of  clay  which  I  was  enabled  to 
visit  in  Jasper  County.  The  blue  clay,  which  is  the  more  conmion, 
probably  underlies  the  entire  county,  but  only  in  the  vicinity  of 
Rensselaer  was  it  found  of  a  quality  suitable  for  making  other 
wares  than  drain  tile. 
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PULASKI  COUNTY. 

This  county,  comprising  437  square  miles,  is  located  in  the 
northwestern  part  of  the  State,  lying  east  of  Jasper  and  south  of 
Starke  counties.  The  greater  part  of  its  surface  is  a  broad  plain, 
which  occupies  a  portion  of  the  divide  between  Eiinkakee  and 
Tippecanoe  rivers,  yet  there  is  no  dividing  ridge,  and  large  tracts 
in  the  northwestern  part  of  the  county  can  be  drained  with  equal 
readiness  to  either  stream.  The  fall  of  the  surface  of  the  ground 
toward  both  streams  is  so  slight  and  the  surface  conditions  are 
such  that  a  vast  expenditure  of  money  in  drainage  has.  been 
required  to  render  tillage  possible.  That  portion  of  the  county 
east  of  the  Tippecanoe  River  is  much  better  drained. 

The  transportation  facilities  of  the  county  are  but  fair.  The 
Michigan  City  Division  of  the  Monon  (C,  I.  &  L.)  runs  north 
and  south  across  the  western  third.  The  P.,  C,  C.  &  St.  L. 
crosses  from  northwest  to  southeast,  a  little  east  of  the  center, 
while  the  Chicago  &  Erie  touches  the  northeastern  comer.  A 
large  portion  of  the  western  two-thirds  is,  therefore,  distant  from 
railways. 

In  the  flat  prairie  or  plain  district  of  the  northwestern  portion 
the  surface  wells,  20  to  40  feet  deep,  penetrate  sand  only.  In  the 
southwestern  part  of  the  county  the  drift  deposits  are  generally 
thin,  the  wells  entering  the  Niagara  limestone  at  10  to  20  feet. 
At  Winamac,  the  county  seat,  the  wells  often  reach  a  depth  of  50 
to  60  feet,  passing  through  10  to  25  feet  of  sand  or  a  sandy  clay 
loam,  below  which  is  a  bed  of  blue  clay  extending  to  the  water- 
•  bearing  gravel. 

The  only  commercially  available  clays  of  the  county  are  the 
surface  drift  clays,  and  these  are  worked  only  at  Winamac  and 
Francisville.*  At  the  former  place  a  "blue  clay,  five  feet  thick, 
is  used  for  brick  and  drain  tile,  after  stripping  8  to  12  inches  of 
black  loam."  At  Francisville  a  similar  clay  six  feet  thick  is  used 
for  drain  tile  only. 

FULTON  COUNTY. 

Fulton  County  is  located  near  the  center  of  the  northern  half 
of  Indiana.  It  is  in  the  third  tier  of  counties  south  of  the  Michi- 
gan-Indiana line,  and  is  bounded  on  the  north  by  Marshall,  on 

*S«e  itatiatieal  table  at  end  of  paper. 
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the  ea'st  by  Kosciusko,  Wabash  and  Miami,  on  the  south  by  Miami 
and  Cass  and  on  the  west  by  Pulaski  County.  In  outline  it  is 
quite  irregular,  the  south  and  east  sides  being  dovetailed  in  with 
some  of  the  townships  of  the  adjoining  counties  in  a  very  peculiar 
manner.    The  total  area  of  the  county  is  382  square  miles. 

The  surface  is  everywhere  covered  with  drift,  and  is  very  diver- 
sified. The  Maxinkuckee  moraine  covers  the  northern  third  of 
the  county,  while  the  eastern  and  southeastern  portions  are  cov- 
ered by  the  western  slope  of  a  bulky  moraine  formed  by  the  Erie 
lobe.  These  two  moraines  connect  in  the  northeastern  part  of 
the  county  to  form  the  great  Erie-Saginaw  interlobate  moraine, 
which  passes  northeastward  into  Michigan  through  the  northeast- 
ern part  of  Indiana.  The  thickness  of  the  drift  is  known  only 
at  Rochester,  where  it  ranges  between  155  and  245  feet,  and  at 
Kewanna,  where  it  is  between  167  and  208  feet. 

The  county  is  well  supplied  with  railways,  tJiree  passing  entirely 
through  it.  These  are :  The  Michigan  City  Division  of  the  Lake 
Erie  &  Western,  which  passes  north  and  south  through  the  cen- 
tral portion;  the  Chicago  &  Erie,  which  enters  the  county  near 
De  Long,  in  the  northwest  corner,  and  leaves  at  the  extreme 
southeastern  corner,  thus  passing  diagonally  across  its  bounds, 
and  the  Michigan  Division  of  the  Vandalia,  which  runs  north  and 
south  a  few  miles  east  of  the  western  boundary,  passing  through 
Kewanna  and  crossing  the  C.  &  E.  at  De  Long. 

The  county  lies  on  the  southeastern  extremity  of  the  prairies, 
which  cover  a  great  part  of  the  northwestern  counties  of  the 
State.  These  prairies  lose  themselves  in  the  oak  openings  and  . 
disappear  almost  entirely  after  the  center  of  Fulton  is  reached. 
Nearly  15  per  cent,  of  the  surface  is  prairie,  the  remainder  being 
pretty  equally  divided  between  oak  openings,  or  barren's,  and 
heavy  timbered  lands.  The  surface  is  level,  as  a  rule,  but  broken 
into  considerable  hills  in  Henry  township,  in  the  eastern,  and  in 
Eichland,  in  the  northern  part. 

West  of  Rochester  there  is  much  marsh  land,  with  sandy 
ridges,  which  is  imperfectly  drained  by  Mud  Creek  and  other 
streams  and  ditches,  into  the  Tippecanoe. 

The  surface  drift  clays  of  the  county  are  the  only  ones  suit- 
able for  manufacturing  purposes.    They  are  at  present  used  only 
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at  Fulton,  Akron  and  Metz.*  At  the  former  place,  after  strip- 
ping six  inches  of  black  soil,  the  underlying  surface  clay  is  used 
to  a  depth  of  18  to  24  inches  in  making  drain  tile.  At  Akron  and 
Metz  the  thickness  of  stripping  and  clay  is  about  the  same,  brick 
and  tile  being  the  products  made. 

Four  miles  north  of  the  center  of  Rochester,  on  the  north  half 
of  the  southwest  quarter  of  section  28  (Michigan  road  land)  is  a 
thick  bed  of  drift  clay,  covering  25  to  30  acres,  which,  for  a  num- 
ber of  years  prior  to  1890,  was  used  for  ordinary  building  brick 
and  drain  tile.  The  upper  six  feet  of  the  deposit  is  a  siliceous  red 
clay  of  good  quality  for  the  wares  for  which  it  was  used.  Below 
this  is  a  stratum  of  whitish  or  dove-colored  marly  clay,  7  to  14 
feet  in  thickness,  very  fine-grained,  wholly  free  from  grit  and 
weathering  into  small  quadrangular  pieces.  An  analysis  of  this 
clay,  made  by  Dr.  Noyes,  showed  its  composition  to  be  as  follows : 

Analysis  of  Silty  Clay  from  Four  Miles  North  of  Rochester, 

Silica  (SIOJ 45.12 

Titanium  oxide  (TIO,) 45 

Alumina  (Al,OJ 6.84 

Water  combined  2.43 

Clay  base  and  sand 54.84 

Ferric  oxide  (FeiOa) 5.92 

Ferrous  oxide  (FeO) 1.38 

Lime  (CaO) 15.63 

Magnesia  (MgO)  4.88 

Potash  (KaO) 2.28 

Soda  (Na,0)   74 

Fluxes .  30.83 

Carbon  dioxide  (COj).  .* 14.95 

Total 100.62 

The  analysis  shows  the  clay  to  be  lower  in  alimiina  and  higher 
in  lime  than  most  of  the  marly  clays  of  Northern  Indiana.  It 
could  be  burned  into  terra  cotta  lumber,  but  for  other  products 
would  doubtless  have  to  be  mixed  with  another  clay  higher  in 
alumina. 

Samples  of  a  yellow  surface  drift  clay,  secured  by  Hon.  G.  W. 
Holman,  of  Rochester,  from  a  point  a  half  mile  south  of  Akron, 

"^See  statistical  table  at  end  of  paper. 
32- Geology. 
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north  half  of  southeast  quarter  of  section  24  (30  N.,  5  E.),  were 
analyzed  \>j  T.  W.  Smith,  of  this  city,  and  the  chemical  compo- 
sition found  to  be : 

Analysis  of  Yellow  Drift  Clay  from  FvUon  County, 

Silica  (SiOJl   71.01 

Alumina  (Al,Oa) 19.02 

Titanium  oxide  (TIO,) 13 

Water  combined  5.64 

Clay  base  and  sand d5.80 

Ferric  oxide  (Fe,0,) 1.35 

Ferrous  oxide  (FeO) 62 

Lime  (CaO) 52 

Magnesia  (MgO)  1.05 

Soda  (Na,0)   30 

PoUsh  (K,0) 15 

Fluxes 3.99 

Organic  matter .20 

Total 99.99 

The  analysis  shows  the  clay  to  be  very  pure  for  one  of  drift 
origin.  It  will  withstand  high  heat,  but  the  percentage  of  fluxes 
is  too  low  for  it  to  be  utilized  for  vitrified  products.  It  will  make 
a  gopd  dry  pressed-f  ront  brick.  The  percentage  of  silica  is  rather 
high  for  Portland  cement  making,  but  otherwise  it  would  serve 
well  for  that  purpose.  The  deposit  is  just  south  of  the  Chicago 
&  Erie  Railway,  and  covers  about  50  acres  to  a  depth  of  six  to 
seven  feet. 

WHITLEY  COUNTY. 

This  county  comprises  338  square  miles,  and  is  bounded  on  the 
north  by  Noble,  on  the  east  by  Allen,  on  the  south  by  Hunting- 
ton and  Wabash  and  on  the  west  by  Wabash  and  Kosciusko  coun- 
ties. The  railway  facilities  of  the  county  are  fair.  The  Pitts- 
burgh, Fort  Wayne  &  Chicago  passes  from  northwest  to  south- 
east through  the  central  portion;  the  Eel  River  Division  of  the 
Vandalia  from  northeast  to  southwest  diagonally  across  the 
county,  and  the  New  York,  Chicago  &  St.  Louis  (Nickel  Plate) 
from  east  to  west  through  the  northern  part  of  the  southern  tier 
of  townships.     The  surface  of  the  county  lies  between  787  and 
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948  feet  above  tide,  the  lowest  point  being  near  OoUamer  and  the 
highest  near  Larwill. 

The  entire  area  of  the  county  is  overlain  with  drift,  the  thick- 
ness of  which  is  known  in  but  two  places,  viz.,  at  Columbia  City, 
where  it  is  224  feet,  and  at  Larwill,  seven  miles  west,  where  it  is 
365  feet  in  thickness.  That  portion  of  the  surface  lying  east  and 
south  of  Eel  River  is  flat  or  slightly  rolling,  being  a  part  of  the 
great  level  plain  of  east-central  Indiana,  though  occasional  knolls 
and  ridges  of  drift,  especially  in  Cleveland  township,  give  it  some 
'  diversity.  North  and  west  of  Eel  River  the  surface  is  much  more 
irregular,  and  contains  many  deep,  elongated  valleys,  with  sharp, 
winding  ridges  intervening.  The  region  drained  by  Blue  River, 
comprising  the  northeastern  third  of  the  county,  is  less  broken, 
but  is  still  typically  morainic  in  character. 

The  drift  of  the  county  is,  for  the  most  part,  clayey  in  nature, 
there  being  but  limited  areas  in  which  sand  or  gravel  is  found  at 
the  surface  or  at  slight  depths.  To  a  depth  of  50  or  60  feet  it  is 
usually  a  compact  yellow  or  blue  clay.  At  Columbia  City  the 
wells  penetrate  30  to  40  feet  of  such  clay  before  reaching  gravel, 
while  at  Cherubusco  they  run  from  50  to  80  feet  through  the  same 
material. 

The  only  workable  clays  of  the  vcounty  are  the  surface  yellow 
deposits.  These  are  utilized  for  brick  and  tile  at  Columbia  City, 
Collins  and  Cherubusco.*  At  the  first-named  place  "a  black  and 
yellow  clay,  from  two  to  three  feet  thick,"  is  used  without  strip- 
ping for  drain  tile,  hollow  block  and  building  brick.  One  and  a 
half  miles  east,  at  the  yard  of  Sherwood  &  Son,  "clay  of  a  blue 
color,"  five  feet  thick,  is  used  for  drain  tile  and  brick,  after 
removing  four  or  five  inches  of  top  soil.  At  Cherubusco,  after 
stripping  the  sod,  a  blue  and  yellow  clay  mixed  is  used  to  a  depth 
of  four  feet  for  making  drain  tile.  Five  miles  north  of  Colum- 
bia City  from  three  to  four  feet  of  a  "blue,  waxy  clay"  is  used 
for  tile,  after  removing  about  one  foot  of  "black  top  soil,"  while 
at  Collins  a  mixture  of  yellow  and  blue  surface  clay  is  used  for 
both  brick  and  tile. 

*  See  stfttiitieal  table  at  end  of  paper. 


500  REPOBT    OF   STATE    GEOLOGIST. 

ALLEN  COUNTY. 

Allen,  the  largest  county  in  Indiana,  comprises  664:  square 
miles,  lying  next  to  the  Ohio  State  line,  south  of  Noble  and 
DeKalb  and  east  of  Huntington  and  Whitley  counties.  Trans- 
portation facilities  are  excellent,  the  county  being  crossed  east 
and  west  by  the  Wabash,  the  Pittsburgh,  Fort  AVayne  &  Chicago 
and  the  New  York,  Chicago  &  St.  Louis  railways ;  north  and  south 
by  the  Grand  Eapids  and  Indiana,  the  Fort  Wayne,  Cincinnati  & 
Louisville  and  the  Fort  Wayne  Branch  of  the  Lake  Shore  &  Mich- 
igan Southern. 

The  city  of  Fort  Wayne  (population  50,000),  the  county  seat, 
and  the  third  city  in  the  State,  is  situated  three  miles  west  of  the 
center  of  the  county,  at  the  junction  of  its  three  principal  rivers — 
the  St.  Joseph,  St.  Mary's  and  Maumee.  Its  site  is  at  the  begin- 
ning of  the  portage  from  the  Maumee  to  the  Wabash  Rivers,  and 
its  occupation  as  a  French  trading  post  dates  back  to  1680. 

"The  -greater  part  of  the  county  has  a  level  surface,  though 
there  are  two  well-defined  morainic  belts  which  pass  through  it. 
The  St.  Mary's  moraine  enters  in  the  southeastern  part  and  fol- 
lows the  northeast  border  of  the  St.  Mary's  River  to  Fort  Wayne. 
It  then  finds  its  continuation  northward  on  the  east  side  of  the  St. 
Joseph  River.  The  Wabash  moraine  enters  the  county  near 
Zanesville,  in  its  southwest  corner,  and  passes  thence  northward 
to  the  old  lake  outlet  near  Aboit.  North  from  the  outlet  its 
course  is  northeastward  along  the  northwest  side  of  the  St.  Joseph 
River.  There  is  a  narrow  plain  in  southern  Allen  County  be- 
tween these  two  moraines,  but  in  northern  Allen  County  they  are 
separated  only  by  the  valley  of  the  St.  Joseph  River.  A  plain  in 
the  northwestern  part  of  the  county  extends  beyond  its  limits  into 
Dekalb  and  Whitley  coimties.  The  plain  in  the  eastern  part  of 
the  county,  formerly  covered  by  the  glacial  lake  which  discharged 
southwestward  to  the  Wabash,  has  a  very  smooth  surface,  with 
only  an  occasional  low  ridge  of  sand  or  bar  of  gravel  formed  by 
the  lake  waters. 

"In  the  southern  half  of  the  county  the  thickness  of  the  drift 
is  very  much  less  than  in  the  northern  half,  though  probably  aver- 
aging not  less  than  75  feet.  At  Fort  AVayne  it  is  60  to  125  feet 
or  more.     Near  the  north  border  of  the  county  the  drift  exceeds 
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200  feet,  two  borings  having  reached  that  depth  without  entering 
rock.  In  the  south  part  of  the  county  it  is  in  places  but  20  or  30 
feet."* 

The  greater  part  of  the  drift  penetrated  by  surface  wells  is 
made  up  of  yellow  and  blue  clays.  At  the  courthouse  yard  in 
Fort  Wayne  a  well  passed  through  88  feet  of  drift,  most  of  which 
was  clay.  In  section  1,  Milan  Township,  in  the  northeast  part 
of  the  county,  a  flowing  well  on  the  land  of  B.  A.  Kupert  shows 
'the  drift  strata  to  be  arranged  as  follows : 

•  Section  of  Flounng  Well  on  Rupert  Farm, 

Fset, 

1.  Yellow  clay 7 

2.  Blue  clay  with  gravel 20 

3.  Marly  clay  5 

4.  Quicksand  1 

5.  Water  bearing  gravel 3 

.  At  the  county  infirmary  wells  25  to  35  feet  deep  pass  through 
clay,  after  penetrating  a  few  feet  of  surface  sand.  Just  east  of 
the  village  of  New  Haven  a  well  shows  the  following  section : 

Section  of  Well  East  of  New  Haven. 

Feet. 

1.  Beach  sand  and  gravel 9 

2.  Blue  clay 33 

3.  Gravel   3 

4.  Blue  clay  and  hardpan 23 

5.  Small  boulders  and  gravel 5 

In  the  southern  and  southwestern  portions  of  the  county  the 
wells  pass  through  20  to  30  feet  of  clay  before  reaching  water 
gravel. 

The  only  clays  of  the  county  which  can  be  utilized  are  the  yel- 
low and  blue  ones  of  drift  origin.  These  are  burned  into  ordinary 
brick  and  drain  tile  at  a  number  of  plac«s.+  At  the  yard  of  the 
Fort  Wayne  Brick  &  Tile  Co.  from  18  to  30  inches  of  surface 
clay  are  used  without  stripping  for  making:  soft  mud  building 
brick.  The  output  in  1904  was  4,000,000,  valued  at  $25,000.  At 
Wallen,  in'  the  northwest  part  of  the  county,  a  blue  clay,  two  and 
a  half  feet  thick,  is  used  without  stripping  for  making  drain  tile. 

^Leverett.    Weill  of  Northern  Indiana,  1899,  48. 
tSee  Btatifltical  table  at  end  of  paper. 
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Brick  and  tile  are  mad©  at  Woodbum  from  a  bed  of  surface  clay 
three  and  a  half  feet  thick,  which  is  used  from  the  grass  roots 
down. 

«  *  ♦ 

This  completes  the  list  of  counties  of  the  State,  as  taken  up 
in  the  order  of  their  geological  areas.  As  before  stated,  .attention 
has  been  called  only  to  the  larger  and  more  available  deposits  of 
commercial  clays  found  within  their  bounds.  The  presence  in 
large  quanties  of  the  raw  materials  suitable  for  making  every  kind 
of  clay  product  used  in  Indiana,  with  the  exception  of  some  of 
the  finer  clays  used  in  the  better  grades  of  terra  cotta,  encaustic 
tile  and  chinaware,  has  been  shown.  The  clays  for  the  cheaper 
and  vastly  more  used  products,  millions  of  dollars'  worth  of  which 
are  annually  imported  into  the  State,  are  lying  undeveloped,  and 
surrounded  in  many  instances  with  the  fuel  necessary  for  their 
burning.  With  these  resources  present,  why  should  Indiana  be 
behind  the  other  States  in  clay  manufacturing.?  Why  should  she 
make  only  4.35  per  cent,  of  the  total  value  of  the  clay  products 
made  in  the  United  States,  when  Ohio  and  Illinois,  with  no  more 
extensive  or  better  beds  of  the  raw  material,  make,  respectively, 
19  and  8.5  per  cent.  ? 

The  people  of  this  State  are  not  awake  to  the  opportunities  and 
advantages  in  their  midst.  The  majority  of  the  clay  industries 
which  have  started  up  at  Brazil,  Montezuma,  Torre  Haute  and 
elsewhere  within  the  past  ten  years  are  owned  by  parties  outside 
of  Indiana,  and  the  profits  accruing,  which  are  large,  go  mostly 
without  her  bounds.  As  was  well  said  by  the  superintendent  of 
one  of  the  largest  of  these  factories  (himself  an  Ohio  man  and 
the  factory  owned  by  Ohio  capitalists) :  "The  people  of  Indiana 
don't  seem  to  know  a  good  thing  when  they  have  it.  They  wait 
for  outsiders  to  come  in,  gain  possession  of  it  and  make  it  known 
to  them,  and  then,  too  late,  they  realize  its  importance."  Home 
factories  should  be  erected,  should  be  protected,  should  be  patron- 
ized, for  in  such  a  way  only  can  the  future  wealth  and  w^elfare  of 
the  State  be  increased  and  plentiful  labor  provided  for  her  work- 
ingmen. 
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REMARKS  ON  ANALYSES  OF  CARBONIFEROUS  SHALES. 

The  foregoing  analyses  of  Carboniferous  Shales,  with  the  excep- 
tion of  No.  1,  were  all  made  for  this  Department.  In  each  case 
they  were  based  on  an  average  sample,  dried  at  135°  C.  The 
parts  marked  "insoluble"  were  found  to  be  insoluble  in  acids  and 
sodium  carbonate. 

In  the  rational  analyses,  the  quartz  was  determined  by  sub- 
tracting 3.51  times  the  insoluble  alumina  from  the  insoluble 
silica.  The  remainder  of  the  insoluble  portion  was  counted  as 
feldspathic  detritus.  The  general  method  of  analysis  followed 
was  that  given  in  Wagner's  "Chemical  Technology." 

No.  1.  Average  of  ten  analyses  of  shales  used  in  the  manufac- 
ture of  paving  brick  and  sewer  pipe  in  the  State  of  Ohio.  Adopted 
as  the  standard  for  this  report.  Taken  from  Prof.  Edward  Orton, 
Jr.'s  "Keport  on  the  Clay  Working  Industries  of  Ohio."  (Vol. 
VII,  Ohio  Geol.  Surv.,  1893,  133.) 

No.  2.  Mixture  of  shale  and  surface  clay,  as  used  by  the  Wa- 
bash Clay  Co.,  Veedersburg,  Fountain  County,  in  the  making 
of  paving  block.    Noyes,  Chemist.     See  p.  82. 

No.  3.  Shale  No.  2,  from  land  of  Mecca  Coal  and  Mining  Co., 
Mecca,  Parke  County.    Noyes,  Chemist.    See  p.  112. 

No.  4.  Shale  No.  9,  from  land  of  Mecca  Coal  and  Mining  Co., 
Mecca,  Parke  County.    Noyes,  Chemist.    See  p.  112. 

No.  5.  Shale  No.  13,  from  land  of  Mecca  Coal  and  Mining  Co., 
Mecca,  Parke  County.    Noyes,  Chemist.    See  p.  112. 

No.  6.  Shale  used  by  the  Cayuga  Brick  &  Coal  Co.,  Cayuga, 
Vermillion  County,  in  the  making  of  dry  pressed  front  brick. 
Noyes,  Chemist.    See  p.  130. 

No.  7.  Shale  No.  6,  from  the  Bums  &  Hancock  land,  West 
Montezimia,  Vermillion  County.    Lyons,  Chemist.     See  p.  136. 

No.  8.  Shale  No.  11,  from  the  Bums  &  Hancock  land,  West 
Montezuma,  Vermillion  County.    Lyons,  Chemist.     See  p.  136. 

No.  9.  Mixed  shales,  used  by  the  Clinton  Paving  Brick  Co., 
Clinton,  Vermillion  County,  in  the  making  of  paving  block. 
Noyes,  Chemist.     See  p.  148. 

No.  10.  Shale  from  the  old  Casto,  or  Thorp  farm.  Sugar  Creek 
Township,  Vigo  County.    Noyes,  Chemist.    See  p.  165. 

No,  11.    Shale  No.  8,  from  above  coal  IV,  mine  No.  1,  of  the 
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Island  Coal  Co.,  near  Linton,  Greene  County.  Lyons,  Chemist. 
See  p.  238. 

No.  12.  Shale  from  above  coal  VII,  at  Prospect  Hill  mine, 
near  Vincennes,  Knox  County.    Noyes,  Chemist.    See  p.  256. 

No.  13.  Shale  from  Larkin  farm,  near  Loogootee,  Martin 
County.    Noyes,  Chemist.    See  p.  277. 

No.  14.  Shale  or  "clod"  from  above  worked  vein  of  coal  at 
Buckskin  mine,  near  Buckskin,  Gibson  County.  Lyons,  Chemist. 
See  p.  300. 

No.  15.  Shale  from  near  Southern  Eailway  shops,  at  Prince- 
ton, Gibson  County.    Lyons,  Chemist.     See  p.  303. 

No.  16.  Mixture  of  shale  and  surface  clay,  used  by  the  Evans- 
ville  Pressed  Brick  Co.,  Evansville,  Vanderburgh  County,  in  the 
making  of  paving  brick.    Noyes,  Chemist.    See  p.  312. 

No.  17.  Shale  from  cut  on  Cannelton  Branch  of  the  Southern 
Railway,  a  mile  and  a  quarter  southeast  of  Lincoln  City,  Spencer 
County.    Noyes,  Chemist.    See  p.  327. 

No.  18.  Shale  from  above  coal  II,  on  the  land  of  the  American 
Cannel  Coal  Co.,  near  Cannelton,  Perry  County.  Noyes,  Chem- 
ist.   See  p.  336. 


ANALYSES   OF   UNltER-ClATS. 


nvi"*"! 

J 

;b 

i ; ;?  n 

s 
s 

1 

■wx 

pp|li3a^*i'|i|^ 

■•iqni(nai 

s  ;"  :    ■    i : : ; :  : 

1 

■I»K»1 

pp|l|5i„3sg|: 

s 
s 

■Biqaioanj 

i:Si  i  mm  \ 

SI 

■pnoi 

ISIS 

1  "^i'^S^IS 

i 

■•ll"!*""! 

^ 

E! 

■l»I0i 

pp  i  S^^^2^ 

i3 

1 

■•I<|n|o.oj 

1=^;  1  nn^i  i ; 

8 

•m"! 

pp 

%'fm^  i 

; 

1 

•iqniotni 

S  ;     ;     ;     i  i  ;  :  1 

i 

■moi 

5is?^|s|g3s.=s.:ii 

5 

i 

•iqniMBi 

iiS:  ;  Hhn  i  ; 

8 

■i-i«x 

PP 

llS'*^"; 

S 

i 

- 

■Biqntomi 

S  IK  :         ;  :  1  :  i  :     i 

S 

^ 

■t"10I 

PP|||S^'^5S|2|; 

S 

i 

2= 
h5 

i 
1 

liun 

J  l!a#1 

i 

-5 

8 

i 

Pi'i 

li;;i 

11  Mi 

Pni 

i 

a    :  :e 

i 

t 

P  i 

1 

11  Hi 

li:ii 

1 

pp2,,5,|  1 

■ 

PP 

asai 

isp 

22a=i 

i 
: 

i 

ppwas^a 

1 

1 

i?ia3'«^i 

■s 

i 

1 

1 

•s- 

iapsssssi 

1 

pp"3-asi  1 

HEPORT    OF    STATE    GEOLOGIST. 


= 

■moi 

I'P 

li 

is 

isisa 

; 

« 

N 

i 

1 

• 

■•nnioiBi 

i;^ 

:=! ; 

1 

■l'l«I 

PPii|§3''5J''|i|E 

9 

s 

■8iqi.I0.iil 

■m«i 

i;P|l|ap3*|3|s 

1 

3 

■•iqnioini 

3  ; 

;^; 

3 

5 

■I«10I 

im\i 

gssasgi! 

^\ 

1 

; 

■BIqniMBi 

i? 

2 

1 

■moi 

|Sp|||M,,gSi|||, 

1 

2 

■•iqniMliI 

I? 

i 

■moj, 

ris 

1 

S  iacgs 

m 

= 

■»iqn|o>ni 

iiS 

i 

■l«lox 

Pi^ 

3 

Sjgii^a^ 

: 

1  ; 
M 

1 

2 

■»iqn|o>iii 

lis 

i 

moi 

isp 

1 

qssss!; 

- 

1 

» 

■•iqniOBni 

Sis 
E3  : 

i 

IWI 

PP|i|«3=S^|i|S 

1 
1 

i 

ft 

1 

1 

1 

1 
1 

■6 

Ef 

li 

i 
i 

1 

£ 

i 

i 

1 
J 

1 

p^;i| 

isyi 

m\ 

1 
1 

psi|| 

\\\\ 

J 

lyi 

> 

1 

ini 

1 
1 

1 

%\% 

1^131  1 

■ 

ill 

pp^wg^i  1 

pp?=!<sg?5 

HH 

mwm%  1 

M  H 

PP  ;5S5Si  ' 

^^^m  \ 

nn 

PPSMSi  j 

PPs 

''s^ij 

;-    . 

i 

ANALYSKS    OF    UNBER-CLAYS.  609 

REICABES  ON  ANALYSES  OP  COAL.  MEASURE  UNDER-OLAYS. 

The  analyses  of  the 'foregoing  under^jlays,  with  the  exception 
of  No.  17,  were  made  for  this  Department.  The  methods  were 
essentially  the  same  as  those  used  in  the  analyses  of  the  Carbon- 
iferous Shales. 

No.  1.  Under-clay  suitable  for  stoneware,  from  land  of  Min- 
nick  &  Hoagland,  near  Stone  Bluff,  Fountain  County.  Lyons, 
Chemist.    See  p.  78. 

No.  2.  Under-clay  from  land  of  Frank  Landers,  near  Stone 
Bluff,  Fountain  County.    Lyons,  Chemist.    See  p.  79. 

No.  3.  Under-clay  from  beneath  coal  V,  on  land  of  John  K. 
Teegarden,  near  Kingman,  Fountain  County.  Noyes,  Chemist. 
See  p.  87. 

No.  4.  Under-clay  No.  12,  from  land  of  the  Mecca  Coal  & 
Mining  Co.,  Mecca,  Parke  County.    Noyes,  Chemist.    See  p.  114. 

No.  5.  Under-clay  No.  20,  from  land  of  Mecca  Coal  &  Mining 
Co.,  Mecca,  Parke  County.    Noyes,  Chemist.    See  p.  114. 

No.  6.  Under-clay  No.  24,  from  beneath  coal  IV,  on  land  of 
Mecca  Coal  &  Mining  Co.,  Mecca,  Parke  County.  Lyons,  Chem- 
ist.   See  p.  114. 

No.  7.  Under-clay  No.  27,  from  beneath  coal  IIT,  on  land  of 
Mecca  Coal  &  Mining  Co.,  Mecca,  Parke  County.  Lyons,  Chem- 
ist.   See  p.  114. 

No.  8.  Under-clay  from  beneath  coal  VI,  on  land  of  W.  W. 
Bay,  near  Coxville,  Parke  County.    Noyes,  Chemist.    See  p.  123. 

No.  9.  Under-clay  from  mine  of  Cayuga  Brick  &  Coal  Co., 
Cayuga,  Vermillion  County.    Noyes,  Chemist.    See  p.  131. 

No.  10.  Under-clay  No.  10  from  land  of  Bums  &  Hancocl^, 
West  Montezuma,  Vermillion  County.  Lyons,  Chemist.  See 
p.  137. 

No.  11.  Under-clay  No.  10,  from  land  of  Jackson  Bros.,  be- 
tween West  Montezuma  and  Newport,  Vermillion  County.  Lyons, 
Chemist.     See  p.  140. 

No.  12.  Potters'  clay  from  beneath  coal  VI,  from  land  of 
Chas.  Cooprider,  near  Clay  City,  Clay  County.  Lyons,  Chemist. 
See  p.  210. 

No.  13.  Under-clay  from  beneath  coal  III,  on  Crance  land, 
three  and  a  half  miles  south  of  Worthington,  Greene  County. 
Noyes,  Chemist.    See  p.  235. 
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No.  14.  Potters'  clay  from  pit  of  Bockting  Bros.,  Hunting- 
burg,  Dubois  County.     Noyes,  Chemist.     See  p.  285. 

.  No.  15.    Potters'  clay  from  land  of  Chris.  Fuchs,  near  Huntings 
burg,  Dubois  County.     Smith,  Chemist.     See  p.  289. 

No.  16.  Under-clay  from  beneath  coal  11,  in  mine  of  the  Amer^ 
ican  Cannel  Coal  Co.,  near  Cannelton,  Perry  County.  Noyes, 
Chemist.    See  p.  335. 

No.  17.  Ballou  under-clay  from  Muskingum  County,  Ohio, 
used  as  a  bond  for  flint  clays  in  forming  high  grade  refractory 
materials.    Lord,  Chemist. 
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REMARKS  ON  ANALYSES.  OF  KNOBSTONE  SHALES. 

All  the  analyses  given  were  made  for  this  Department. 

No.  1.  Shale  from  near  ice  house  at  Attica,  Fountain  County. 
Lyons,  Chemist.    See  p.  72. 

No.  2.  Shale  from  land  of  Arthur  Hadley,  two  miles  south  of 
Danville,  Hendricks  County.     Noyes,  Chemist.     See  p.  350. 

No.  3.  Shale  from  land  of  Branch  &  Son,  near  Martinsville, 
Morgan  County.    Noyes,  Chemist.    See  p.  355. 

No.  4.  Shale  from  Blue  Lick,  Jackson  County.  Used  as  the 
clay  ingredient  of  Portland  cement  at  the  factory  of  the  Lehigh 
Portland  Cement  Co.,  Mitchell,  Lawrence  County.  Noyes,  Chem- 
ist.    See  p.  366. 

No.  5.  Shale  from  land  of  Matthews  and  Chrisler,  northeast 
of  Blue  Lick,  Jackson  County.    Noyes,  Chemist.    See  p.  367. 

_  No.  6.    Shale  from  land  of  D.  M.  Hughes,  near  Medora,  Jack- 
son County.    Noyes,  Chemist.    See  p.  368. 

No.  7.  Shale  used  at  the  Goetz  dry  pressed  brick  factory,  one 
mile  west  of  New  Albany,  Floyd  County.  Lyons,  Chemist.  See 
p.  376. 

No.  8.  Shale  from  cut  of  the  Indianapolis  Southern  Eailway, 
on  the  land  of  Jas.  McLarey,  nine  miles  northeast  of  Blooming- 
ton,  Monroe  County.     Lyons,  Chemists    See  p.  382. 

No.  9.  Shale  from  land  of  William  Fee,  two  miles  northeast  of 
Bloomington,  Monroe  County.    Noyes,  Chemist.    See  p.  383. 

No.  10.  Shale  from  land  of  W.  H.  Gregory,  near  Heltonville, 
Lawrence  County.    Smith,  Chemist. 


ANAI^TSES    OF    SURFACK    CI.AY8. 


513 


6 


CO 


I 


I 


•l«10X 


mox 

•mox 

•wox 

•wox 

•l«»ox 

A 

•lioi 

OQ 

•l«*0X 

fe* 

•WOX 

« 

•mox 

kC 

•Wox 

^ 

•w«x 

eo 

•WOX 

ei 

Wox 

F< 

•WOX 

s^ss ! s 


*         •         •         ■       I 


s 


^?^?£^  I  $. 


CO 


•     •     •     • 

5   •« 


2 


sis 


s 


■     •     •  I  •    I       • 
^H        I  CO 


•    •    •   «    •    ■ 
C4e4ooudeo 


s 


a        «        •        •  • 


? 


*     I         * 


c«e40<Deo 


ss 


SsS?:s 


^04 1«  to  00 


^ 

? 

S! 

?3 

Is 

C4 

^. 

«! 

^ 

<3S 

^ 

s 


?2 


«0        »H 


•       ■       •       •       •       a 

•O  00 


8 


s 


00  CO 


s 

^ 


SoioKSSq 

00     *    *i-< 


n 


S5 


:3$S8SS3 


f-lC4 


04 


C4 


8 


W3 


0^00 


8   3 
SI* 


i-itrooo>  I  o 


s 


00     c«flO     o 


00 
CO 


C9 

■ 

CO 


8 

CO 


5? 

8 


o!eo     04 


So 


o 


8 


3 

a* 


S 


00  <D 


•    ••••" 


eo 


m 

U3 


3m 


o 


O 


l^aof^to 

•   •   •   • 

f-4*H04i-l 


64 


^g     eo 


■a       *,Sf 

*    ©"«  'So-- 


8 


« 

8 


9 
$ 


'2'3  •-      >» 


H 


«     T  2  •  &  2  *      S 
O      fe  fe  8  «"S^     fe 


S 

o 

n 

o 
o 

9 
H 

•ff«  CO 

"^  3 

§    o 

« 
9 


38— Geplogy. 


514  BEPOBT    OF   STATE    GEOLOOIST. 

REMARKS  ON  ANALYSES  OF  SURFACE  DRIFT,  ALLUVIAL,  SILTY 

AND  LOESS  OLAYS. 

The  foregoing  analyses  were,  with  the  exception  of  No.  6,  all 
made  for  this  Department,  by  the  chemists  mentioned  in  the  fol- 
lowing notes. 

No.  1.  Surface  drift  clay  from  near  Eockville,  Parke  County. 
Smith,  Chemist.    See  p.  124. 

No.  2.  Alluvial  clay  from  low  lands  on  the  Wabash  Eiver 
near  Terre  Haute,  Vigo  County.  Used  extensively  for  the  mak- 
ing of  ordinary  soft  mud  brick.     Noyes,  Chemist.     See  p.  170. 

No.  3.  Surface  loess  clay  from  near  Southern  Kailway  shops, 
Princeton,  Oibson  County.    Lyons,  Chemist.    See  p.  302. 

No.  4.  Surface  drift  clay,  used  for  ordinary  brick  making  at 
Mooresville,  Morgan  County.    Lyons,  Chemist.    See  p.  356. 

No.  5.  Surface  silty  or  marly  clay,  from  land  of  Mrs.  Abrilla 
Merriman,  three  miles  south  of  Martinsville,  Morgan  County. 
Lyons,  Chemist.    See  p.  357. 

No.  6.  Ked  residual  surface  clay  from  Indiana  University 
campus,  Bloomington,  Monroe  County.  Kibler,  Chemist.  See  p. 
384. 

No.  7.  Residual  surface  clay  from  above  the  oolitic  limestone 
at  the  quarry  of  the  National  Stone  Co.,  four  miles  south  of 
Bloomington,  Monroe  County.    Noyes,  Chemist.    See  p.  384. 

No.  8.  Residual  surface  clay  from  above  the  Mitchell  lime- 
stone, nine  miles  south  of  Bloomington,  Monroe  County.  Noyes, 
Chemist.    See  p.  384. 

No.  9.  Surface  drift  clay  from  Jessup  land  near  Richmond, 
Wayne  County.  Used  in  the  making  of  flowerpots  and  kindred 
earthenwares.     Lyons,  Chemist.     See  p.  437. 

No.  10.  Silty  or  marly  clay  from  Hobart,  Lake  County.  Used 
extensively  in  the  making  of  terra  cotta  lumber,  fireproofing,  dry 
pressed  front  brick  and  kindred  products.  Noyes,  Chemist.  See 
p.  455. 

No.  11.  Silty  or  marly  clay  from  pit  of  old  brick  yard  at 
Garden  City,  Porter  County.    Noyes,  Chemist.     See  p.  459. 

No.  12.  Silty  or  marly  clay  from  pit  at  brick  yard  of  P.  E. 
Anderson,  near  Chesterton,  Porter  Coimty.  Noyes,  Chemist- 
See  p.  462, 


AWAI.YSES    OF    SUEFACB    CI.AYS.  615 

No.  13.  Silty  or  marly  clay  from  pit  at  brickyard  of  Roeske 
Bros.,  near  Michigan  City,  Laporte  County.  Noyes,  Chemist. 
Sea  p.  464. 

No.  14.  Silty  or  marly  clav  from  a  point  four  miles  north  of 
Rochester,  Fulton  County.    Noyes,  Chemist.    See  p.  497. 

No.  15.  Yellow  drift  clay  from  a  point  a  half  mile  south  of 
Akron,  Fulton  County.    Smith,  Chemist.    See  p.  4'98. 
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Sectioh  IV.     THE  CLAY-WORKING  INDUSTRIES  OF 
INDIANA. 

The  clay-workiDg  industry  in  Indiana  may  be  said  to  be  yet  in 
its  infancy.  During  the  ten  years  from  1894  to  1903,  inclusive,  it 
had  a  steady  and  gradual  growth.  The  annual  value  of  the  day 
products  of  the  State  increased  in  that  time  from  $3,135,569  to 
$5,69i,625.  However,  the  relative  rank  of  the  State  as  a  clay- 
producing  center  was,  at  the  end  of  the  decade,  the  same  as  at 
the  beginning,  it  holding  sixth  position  among  other  States,  both 
in  1894  and  1903.  The  following  table  shows  the  rank  held  by 
the  first  ten  States  in  the  value  of  products  of  clay  from  1894  to 
1903,  also  the  value  of  the  output  and  per  cent,  of  total  produc- 
tion of  each  of  the  ten  in  1903  :* 
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The  table  shows  that  Indiana  and  Missouri  are  very  close  in 
the  value  of  the  annual  output  of  clay  products,  and  that  Missouri 
outranked  Indiana  in  1896  and  1901. 

The  following  table,  extracted  from  the  Annual  Report  of  the 
Mineral  Resoiirc^B  of  the  Uriited  Sf^atea  for  1903, f  shows  the 
value  of  the  clay  products  of  Indiana  for  the  five  years  1900- 
1904: 
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Although  the  above  statistical  tables  show  a  steady  growth  in 
the  annual  value  of  clay  products  of  Indiana,  yet,  taking  into  con- 
sideration the  clay  resources,  the  cheapness  of  fuel  and  the  trans- 
portation facilities  of  the  State,  the  output  is  not  what  it  should 
be.  There  ie  room  for  five  times  as  many  clay  factories  as  now 
exist  without  overcrowding  or  overdoing  the  business,  for  the 
number  and  variety  of  clay  products  is  increasing  at  a  marvelous 
rate,  while  the  growth  of  the  country  and  the  rapid  disappearance 
of  the  forests  is  ever  widening  the  demand  and  opening  up  new 
markets. 

With  no  better  or  more  abundant  clays  than  Indiana  possesses, 
Ohio  far  outranks  our  State  in  the  value  of  her  clay  wares,  and 
easily  holds  first  place  among  the  clay  manufacturing  States  of  the 
Union.  This  is  largely  due  to  the  energies  of  the  two  Ortons — 
Edward,  Sr.,  and  Jr. — who,  foreseeing  the  coming  increase  in 
the  use  of  clay  for  manufacturing  purposes,  carefully  investigated 
the  clays  of  that  State  and  published  extensive  papers  calling  the 
attention  of  capitalists  to  their  value. 

The  clay  indxistries  of  Indiana  may  be  grouped,  according  to 
the  kinds  of  ware  they  manufacture,  into  the  following  classes : 
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I.     The  Manufacture  of  Paving  MateriaL 
n.     The  Manufacture  of  Sewer  Pipe  and  Kindred  HoUoW 
Wares. 

III.  The  Manufacture  of  Refractory  Products. 

IV.  The  Manufacture  of  Pottery  and  Allied  Products. 

V.     The   Manufacture   of   Dry   Pressed   Brick,    Structural 

Terre  Cotta  and  Encaustic  Tile. 
VI.     The  Manufacture  of  Ordinary  Building  Brick  and  Drain 

Tile. 
VII.     The  Production  of  Clay  for  Shipment. 

Each  of  these  will  be  taken  up  and  mention  made  of  the  proc- 
esses involved,  and  such  statistics  will  also  be  given  in  tabular 
form  as  could  be  obtained  from  the  owners  of  the  factories. 

I.     The  Manufacture  of  Paving  Matebial. 

Choice  of  Clays. — The  two  most  valuable  properties  which  a 
paving  brick  must  possess  are  those  of  vitrification,  or  the  power 
to  withstand  the  absorption  of  water,  and  toughness,  or  the  ability 
to  withstand  abrasion  and  wear.  Parties  who  are  thinking  of 
erecting  a  plant  for  the  making  of  pavers  must  choose  a  clay 
which,  when  properly  burned,  will  possess  in  a  high  degree  the 
above  properties,  else  their  money  will  be  wasted  in  a  worse  than 
useless  project. 

Among  the  clays  found  in  Indiana  and  mentioned  in  the  pre- 
vious sections,  those  which  are  best  adapted  for  the  making  of 
paving  material  are  the  Carboniferous  and  Knobstone  shales. 
Before  a  plant  be  located  at  any  'deposit,  full  tests  should  be  made 
and  the  clay  found  therein  proven  to  be  refractory  enough  to 
stand  up  under  the  heat  required  to  bring  about  vitrification,  and 
yet  to  contain  fluxes  sufficient  to  cause  such  vitrification  to  begin 
at  a  temperature  considerably  below  that  at  which  softening  and 
loss  of  shape  takes  place.  The  only  fully  reliable  test  which  can 
be  made  is  the  taking  of  a  large  quantity  of  the  shale  or  other 
clay  to  some  factory  and  there  making  it  into  brick  and  burning 
them  under  conditions  as  nearly  as  possible  like  those  which  will 
be  present  after  the  plant  is  erected.  Such  a  test  is  far  more 
valuable  than  the  one  commonly  in  vogue  of  sending  a  keg  or  two 
of  the  clay  to  some  dealer  in  brick  machinery  and  having  a  dozen 
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or  twenty  brick  made  therefrom.  Such  brick  show  only  the  best 
products  obtainable  from  the  clay^  and  are  no  criterion  of  what  it 
will  do  under  the  normal  and  average  conditions  existing  in  a 
large  plant.  They  are  made  to  sell  brick  machinery,  and  all  pos- 
sible precautions  are  taken  to  have  each  one  absolutely  without  a 
flaw. 

While  the  average  composition  of  the  best  clays  for  paving 
brick  and  other  purposes  is  well  known,  too  much  reliance  must 
not  be  placed  upon  the  chemical  analysis  of  a  clay  in  question, 
and  no  plant  should  be  erected  with  it  as  the  sole  existing  test. 
It  serves  well  as  a  preliminary  test  to  determine  the  possible  useful- 
ness of  the  clay  for  the  purposes  wanted,  as  from  it  the  refractori- 
ness can  be  readily  judged,  but  it  is  no  criterion  of  the  toughness 
and  other  essential  properties  which  the  burned  product  must  pos- 
sess. 

The  clays  found  in  Indiana  which  can  be  used  for  making  pav- 
ing brick  may  be  conveniently  grouped  under  the  following 
heads : 

1.  Carboniferous  and  Knobstone  shales. 

2.  The  more  plastic  under-clays  of  the  coal  seams. 

3.  Recent  sedimentary  clays  of  the  river  bottoms. 

The  question  naturally  arises,  which  of  these  is  best  suited  for 
the  purpose  in  hand?  This  can  best  be  answered  from  the  expe- 
riences of  the  past  and  from  the  results  of  a  long  series  of  tests 
made  under  uniform  conditions.  When  the  paving  brick  indus- 
try was  first  started  in  the  central  States  the  larger  portion  of  the 
brick  were  made  of  the  under  or  so-called  "fire-clays"  of  the  Coal 
Measures.  These  have  been  gradually  supplanted  by  the  shales, 
as  actual  experience  has  shown  that  the  brick  made  from  the 
latter  are  more  lasting,  wear  more  uniformly,  and  in  general  give 
far  better  satisfaction.  Moreover,  the  shales  are  far  more  abun- 
dant, more  easily  mined,  and,  while  requiring  the  expenditure  of 
more  power  to  prepare  them  for  use,  are  more  easily  vitrified  than 
the  under-clays. 

No  facilities  being  at  hand  for  the  proper  testing  of  a  large 
number  of  clays  in  order  to  prove  the  relative  value  ior  vitrified 
brick  of  the  different  kinds  of  materials  mentioned  above,  I  have 
availed  myself  of  the  results  of  a  series  of  tests  made  by  Prof. 
Edward  Orton,  Jr.,  at  the  State  University  of  Ohio,  on  clays  of 
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the  same  nature  from  that  State.  These  results  were  first  pub- 
lished in  the  seventh  volume  of  the  Ohio  Geological  Survey,  and 
afterwards,  in  a  modified  form,  in  "The  Clay  Worker."  From 
the  latter  publication  the  following. extract  is  taken: 

"The  shales  or  bricks  whose  chief  component  is  shale,  and 
whose  color  is  red  or  dark,  were  grouped  together  and  were  repre- 
sented by  23  samples.  Fifteen  varieties  of  under-clay  bricks,  or 
those  in  which  under-clay  is  the  largest  constituent,  and  whose 
color  is  light,  were  grouped  together.  Four  varieties  of  shale  and 
under-clay  mixtures,  in  about  equal  proportions,  were  grouped 
together,  and  three  varieties,  composed  of  Ohio  Riv6r  sedimen- 
tary clays  exclusively,  constitute  the  last  class.  The  average 
results  of  the  tests  of  these  four  classes  were  as  follows : 


No.  of 
Samples. 


Absorp* 
tion. 


RattUng. 


Crashing, 
sq. inch. 


Rank. 


Shales 

Uuder-clays 

Mixture  of  shales  and  ander-clays 
River  clays 


23 

15 

4 

3 


1.17 
1.62 
1.44 
1.36 


17.61 
17.32 
18.72 
19.02 


7,307 
6,876 
5,788 
4,605 


1 
2 
3 
4 


"In  this  table  the  shales  have  the  advantage  over  their  competi- 
tors, showing  the  first  rank  in  absorption  and  crushing  and  a  close 
second  in  rattling.  The  under-clays  are  indicated  as  being  slightly 
tougher  than  the  shales,  but  considerably  more  porous.  Also,  the 
same  tendency  is  again  more  strikingly  illustrated  in  the  table  of 
bricks  having  the  highest  average  excellence  in  the  test.  Taking 
the  ten  highest  averages,  represented  by  16  factories,  it  is  found 
that  13  are  shale  brick,  against  three  under-clay  brick,  showing 
that  the  best  material  of  the  State  is  80  per  cent,  of  it  made  of 
shale  clay." 

This  series  of  tests,  taken  in  connection  with  the  experience  of 
tlie  past,  proves  conclusively  that  the  shales  are  the  best  suited  of 
the  three  classes  of  material  mentioned  for  the  making  of  high- 
grade  paving  brick. 

Locating  the  Plant. — Other  conditions  besides  the  quality  of 
the  clay  must  be  taken  into  consideration  in  choosing  the  site  for 
the  location  of  a  paving  brick  or  other  clay  factory.  Among  the 
most  important  of  these  are  the  quantity  of  clay,  the  amount  of 
labor  necessary  to  secure  it  and  its  nearness  to  fuel,  railway  facili- 
ties and  markets  for  the  manufactured  product. 
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The  quantity  of  clay  used  in  a  large  paving  brick  factory  in  the 
course  of  a  single  year  is  much  greater  than  is  usually  supposed. 
Taking  into  consideration  the  shrinkage  in  burning,  each  thousand 
brick  of  ordinary  size,  2^x4x8^  inches,  will  require  an  average  of 
two  and  a  half  cubic  yards  of  clay,  and  standard  paving  block, 
9x3  J^4  inches,  will  require  nearly  one-half  as  much  more.  If  the 
clay  be  ten  feet  in  thickness,  and  40,000  brick  of  ordinary  ^ize 
be  made  each  day,  about  one  and  two-thirds  acres  of  the  clay  will 
be  used  each  year.  If  block  are  made,  about  two  and  a  half  acres 
will  be  used.  The  quantity  of  clay  available  must,  therefore,  be 
carefully  determined  before  the  site  of  the  factory  is  chosen. 

The  question  of  stripping  becomes  an  important  one  in  the 
securing  of  large  amounts  of  clay,  and  its  cost  must  always  be  con- 
sidered in  choosing  a  site  for  a  plant.  Many  deposits  of  shale  and 
fire-clay,  otherwise  valuable,  are  rendered  comparatively  worth- 
less by  the  great  amount  of  material  overlying  them.  In  many 
'  cases  much  of  this  material  can  be  mixed  with  that  of  the  main 
deposit  without  injury  to  the  product.  This  should  not  be  done, 
however,  until  numerous  tests  have  proven  beyond  doubt  its  suit- 
ability for  the  purpose. 

Where  the  number  of  factories  is  large  and  competition  causes 
the  output  to  be  sold  at  a  close  margin,  the  cost  of  fuel  becomes 
an  important  factor  in  the  making  of  clay  products.  This  should 
always  be  considered,  and,  other  things  being  equal,  the  plant  lo- 
cated as  near  as  possible  to  a  cheap  and  practically  inexhaustible 
fuel  supply.  In  these  days  of  protracted  drouths  the  future  water 
supply  is  another  factor  to  bo  considered,  for  large  quantities  are 
used  for  steam  purposes  and  for  moistening  the  clay  in  the  wet 
pan  or  pug  mill. 

The  question  of  transportation  is  also  a  most  important  one  in 
the  choosing  of  a  site  for  a  clay  factory.  If  possible,  the  location 
should  be  such  that  first-class  railway  facilities  can  be  readily 
obtained  and  sidetracks  laid  into  the  yard.  The  finished 
product  can  then  be  loaded  directly  into  the  cars  without  pre- 
liminary hauling  in  wagons.  Other  conveniences,  however,  should 
not  be  sacrificed  to  gain  such  railway  facilities.  It  is  much  better 
to  locate  the  plant  in  close  proximity  to  the  supply  of  clay  and 
then  build  a  single  switch  to  it  than  to  erect  it  by  the  main  line 
of  a  railway  a  mile  or  two  from  the  deposit.    The  latter  plan  has, 
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unfortunately,  been  followed  by  three  of  the  six  factories  in  this 
State^  necessitating  much  expense  in  the  hauling  or  shipping  of 
the  raw  .material.  Where  possible,  it  is  better  to  locate  close  to 
the  junction  point  of  two  or  more  railways.  This  eliminates 
largely  the  chance  of  an  arbitrary  advance  in  shipping  rates,  and 
provides  direct  communication  with  a  greater  nxunber  of  markets. 

Those  paving  brick  factories  which  are  located  near  cities  of 
sufiElcient  size  to  use  brick  for  paving  purposes  have  many  advan- 
tages. If  their  output  is  of  such  a  quality  as  to  meet  all  require- 
ments it  can  be  laid  down  at  a  good  profit  in  such  a  home  market 
at  a  less  cost  than  any  outside  competitor  can  furnish  it  after  pay- 
ing freight  rates.  In  addition  to  this  saving  of  transportation, 
there  is  always  a  sale  in  such  a  city  for  the  second-grade  brick  for 
use  in  sidewalks,  gutters,  foundations,  etc.  These  "seconds"  are 
also  beginning  to  be  put  to  quite  extensive  use  as  a  rock-face 
building  material.  From  10  to  25  per  cent,  of  the  total  output  of 
the  average  factory  is  composed  of  such  "seconds."  These  are 
soft  brick  or  thoeZoverbumt,  cracked  or  twisted  in  burning.  In 
the  course  of  a  year  they  amount  to  several  hundred  thousands, 
perhaps  millions,  and  unless  sold  for  some  price,  accumulate  until 
they  become  a  nuisance  in  the  yard.  All  sums  which  they  bring 
may  be  counted  as  clear  gain,  and  the  cost  of  production  of  those 
unsold  must  be  added  to  the  debit  side  of  the  year's  account. 

Securing  the  Clay. — There  are  two  methods  of  removing  the 
clay  from  the  earth ;  one  by  stripping  the  overburden  and  quarry- 
ing from  the  surface,  and  one  by  running  in  a  drift  and  mining 
underground.  Which  of  these  methods  is  employed  depends  on 
the  thickness  and  character  of  the  stripping,  the  thickness  of  the 
clay  and  its  position  in  the  hill.  Sometimes  both  methods  are 
used  together,  that  is,  the  clay  is  worked  by  stripping  at  the  out- 
crop back  in  the  hill  until  the  overburden  becomes  too  heavy  to 
remove  with  profit,  when  a  drift  or  mine  is  run  in  from  the  face 
and  the  process  continued  under  ground.  The  mining  or  quarry- 
ing is  in  nearly  all  cases  done  by  blasting,  in  which  the  blasting 
auger,  similar  to  that  used  in  coal  mining,  is  used.  After  blast- 
ing, the  clay  is  loaded  on  tram  cars  and  run  directly  to  the  works 
when  the  latter  are  close  by  the  pit  or  mine;  or,  where  distant, 
it  is  loaded  into  wagons  or  flat  cars  and  hauled  thereto. 
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Pkeparation  of  Clays. — But  few  clays  are  found  in  their 
natural  state  in  such  a  condition  that  they  can  be  taken  directly 
from  the  deposit  where  they  lie  to  the  machine  which  shapes 
them  into  the  unbumed  product.  Almost  all  have  to  undergo 
some  process  of  preparation  in  order  that  they  may  be  reduced 
to  a  fine  grained,  homogeneous  and  plastic  mass.  While  this 
preparation  is  more  necessary  and  thorough  in  the  making  of 
the  finer  grades  of  clay  wares,  the  manufacturers  of  paving  brick 
are  beginning  to  realize  that  on  account  of  the  more  rigid  in- 
spection and  close  competition  of  their  products,  more  care  must 
in  the  future  be  taken  in  the  preliminai-y  mixing  and  preparation 
of  their  clays.  Especially  is  this  true  of  such  clays  as  contain 
foreign  impurities,  such  as  small  nodules  of  iron  carbonate  or 
pebbles  of  lime.  If  not  present  in  too  great  quantity,  these, 
when  ground  fine  and  intimately  mixed  with  the  mass  of  clay, 
do  little  harm.  But  if  allowed  to  pass  into  the  body  of  the  brick, 
or  other  ware,  in  coarse  granules,  a  large  percentage  of  the 
finished  product  will  be  rendered  wholly  worthless.  Where  two 
or  more  clays  are  to  be  mixed  together,  the  mixing  must  be 
thoroughly  and  uniformly  accomplished,  else  the  toughness  and 
general  structure  of  the  brick  will  be  greatly  impaired. 

The  quality  of  almost  all  clays  is  greatly  improved  by  weather- 
ing. While  the  amount  of  material  used  in  a  paving  brick  factory 
is  so  large  that  such  a  procedure  becomes  in.  part  impracticable, 
yet  if  the  conditions  are  such  that  large  quantities  of  the  clay 
can  be  gotten  oi^t  in  summer  and  allowed  to  remain  exposed  to 
the  winter's  rains  and  frosts,  a  tougher  and  better  grade  product 
will  invariably  result  therefrom. 

Although  both  shales  and  under-clays  are  sedimentary  deposits, 
their  natural  plasticity  has  been  largely  destroyed  by  the  changes 
which  they  have  undergone  subsequent  to  their  deposition.  This 
plasticity  can  be  restored  only  by  grinding  and  kneading  with 
water.  Where  large  amounts  of  the  clay  have  to  be  used,  this 
grinding  is  almost  universally  accomplished  by  means  of  a  ma- 
chine called  a  "dry  pan."  If  the  shale  or  clay  is  very  hard,  or 
is  gotten  out  in  large  pieces,  it  is  often  first  run  through  a  dis- 
int^rator  or  crusher,  such  as  the  »Toplin  ore  crusher,  and  from 
that  passes  into  the  dry  pan.  Experience  has  proven  that  for 
th^  making  of  paving  brick  a  dry  pan  nine  feet  iu  diameter, 
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supported  by  an  iron  frame,  and  having  the  rim  of  the  inner 
wheels  or  mullers  from  10  to  12  inches  wide,  is  the  most  suit- 
able. With  such  a  machine  dry  shale  sufficient  in  quantity  to 
make  30,000  to  35,000  ordinary  sized  paving  brick  can  be  readily 
ground  in  ten  hours.  Where  the  shale  or  clay  is  wet  or  very 
plastic,  or  where  the  same  or  a  greater  number  of  the  larger 
paving  block  are  desired,  two  dry  pans  have  to  be  used.  These 
are  set  side  by  side,  and  in  the  larger  and  more  modern  factories 
have  the  clay  delivered  to  them  on  an  inclined  chute.  Such  an 
arrangement  is  a  great  labor  saver,  as  both  pans  can  be  tended 
by  one  man  instead  of  requiring  a  half  dozen  or  more,  as  in  the 
older  factories. 

A  part  of  the  bottom  of  the  dry  pan  is  made  of  iron  plates, 
with  openings  varying  from  one-sixteenth  to  one-eighth  of  an 
inch  in  diameter.  Through  these  the  ground  clay  passes  and  is 
caught  and  elevated,  generally  by  a  bucket  elevator,  and  then 
diuuped  onto  screens.  Through  these  screens  the  particles  of 
clay,  of  sufficient  fineness  to  enter  the  substance  of  the  brick, 
pass  to  the  wet  pan  or  pug  mill,  while  the  tailings,  or  those  too 
coarse  for  such  a  pui-pose  are  returned  to  the  dry  pan  and  re- 
ground.  The  kinds  of  screens  used  are  many.  Those  known  as 
fixed  inclined,  or  gravity  screens  arc  best  suited  for  use  in  tall 
buildings,  as  they  are  simple  and  cheap,  and  require  no  power 
to  operate  them.  For  low  buildings  some  style  of  vibrating 
screen  is  the  simplest,  cheapest  and  most  saving  of  power. 
Rotary  screens,  while  capable  of  performing  much  work,  are 
wasteful  of  power  and  are  very  liable  to  get  out  of  order. 

The  most  important  preparatory'  process  through  which  clays 
are  put  is  the  tempering,  or  mixing  with  water,  in  order  to 
develop  sufficient  plasticity  for  making  them  into  the  product 
desired.  In  the  manufacture  of  paving  brick  the  clay  is  most 
commonly  tempered  in  pug  mills.  These  are  much  cheaper  and 
less  cumbersome  than  wet  pans,  but  the  latter  give  far  better 
results,  as  by  them  the  particles  of  clay  are  not  only  mixed  with 
those  of  the  water,  but  are  ground  into  intimate  contact  with 
them.  The  wet  pan  is  a  heavy  revolving  iron  pan  with  two  very 
heavy  iron  rollers  revolving  inside.  There  are  numerous  sizes 
and  styles,  but  all  operate  on  the  same  principle.  Some  are 
emptied  automatically  and  some  by  hand.    The  wet  pan  is  nu>re 
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suitable  for  mixing  clays  of  diflFerent  kinds,  as  a  pug  mill  merely 
stirs  their  particles  together  without  bringing  them  into  close 
contact.  However,  these  advantages  are  commonly  overlooked 
and  the  cheapness  and  simplicity  of  the  horizontal  pug  mill, 
coupled  with  the  fact  that  it  requires  less  attetntion,  leads  to  its 
more  common  use.  These  pug  mills  are  of  numerous  sizes  and 
varieties  but  all  work  on  the  same  principle. 

If  possible,  some  sort  of  a  storage  bin  should  intervene  be- 
tween the  screen  and  the  pug  mill,  and  above  the  latter.  This 
will  secure  a  more  regular  flow  of  clay  into  the  mill,  and  thereby 
render  its  work  more  uniform  and  efficient.  Difficulty  will  very 
likely  be  experienced,  however,  in  getting  the  ground  clay  to 
run  freely  from  the  storage  bin,  as  it  will  have  a  strong  tendency 
to  bank  up  and  clog  the  openings.  The  use  of  warm  water' in 
tempering,  especially  in  winter,  will  be  found  to  add  much  to  the 
ease  with  which  the  clays  may  be  worked,  and  will,  at  the  same 
time,  improve  the  quality  of  the  finished  product. 

The  processes  of  preparation  thus  briefly  described  are  not 
limited  to  the  paving  brick  industry,  but  are  practically  the  same 
in  all  factories  using  indurated  clays,  whether  for  vitrified,  re- 
fractory or  other  products. 

Making  of  Beick. — ^Paving  brick  are  now  almost  universally 
made  by  what  is  known  as  the  "stiff-mud"  process.  In  this  proc- 
ess the  ground  clay  is  moistened  just  enough  to  render  it  plastic 
without  becoming  soft  and  pasty.  The  brick  formed  from  it, 
on  leaving  the  machine,  are  firm  enough  to  be  handled  and  piled 
several  courses  high  without  breaking  or  losing  their  shape. 
Stiff  mud  brick  are  made  in  all  Indiana  factories  on  what  are  ' 
known  as  auger  machines.  These  are  of  many  different  patterns 
but  all  work  on  the  same  principle.  Each  machine  consists  of 
a  horizontal  closed  tube  or  cylinder  with  a  cone-shaped  front 
end.  The  clay  is  admitted  on  top  of  the  rear  end  of  this  tube, 
and  is  pushed  forward  much  in  the  same  manner  as  the  meat 
in  a  sausage  mill,  by  a  set  of  blades  or  knives  which  are  arranged 
spirally  about  an  inner  revolving,  horizontal  shaft.  These  blades 
both  cut  and  pug  the  clay,  and  carry  it  forward  to  the  auger, 
or  screw,  working  in  the  cone-shaped  portion  of  the  machine. 
This  auger  is  a  solid  iron  screw  with  a  single  or  double  thread. 
Gathering  up  the  clay  it  forces  it  from  the  larger  to  the  smaller 
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end  of  the  cone,  thereby  comprelssing  it  greatly  and  causing  it 
to  issue  through  the  die  at  the  front  opening  in  a  steady  and 
continuous  stream  or  bar.  This  may  be  4x9  inches  in  size,  and 
is  then  cut  off  in  sections  three  and  a  half  inches  thick  into 
"side-cut"  block;  or  it  may  be  3^x4  inches  in  dimensions,  when 
it  is  cut  into  sections  nine  inches  long,  producing  "end-cut"  block. 
The  cutting  of  the  bar  of  clay  into  sections  of  the  proper  dimen- 
sions is  effected  by  wires  attached  to  a  frame,  which  is  operated 
either  by  hand  or  by  automatic  machinery.  The  same  machine 
can  be*  readily  changed  from  a  side-cutting  to  an  end-cutting  by 
changing  the  size  of  the  die  on  the  end  through  which  the  clay 
is  forced.  Not  only  common  sized  brick  for  paving  or  building 
purposes  can  be  made  on  one  of  these  auger  machines,  but  also 
hollow  brick,  fireproofing,  tiling  and  many  other  forms  of  clay 
wares.  In  fact,  there  is  scarcely  any  limit  to  the  variety  of  prod- 
ucts that  can  be  made  by  simply  changing  the  die  through  which 
the  clay  is  forced. 

Another  form  of  machine,  but  less  used  in  Indiana  for  making 
stiff  mud  products,  is  the  plunger  machine.  In  it  the  tempered 
clay  is  pushed  into  a  closed  space  or  press  chamber  and  then 
forced  out  through  the  die  by  means  of  a  piston  or  plunger, 
which  is  operated  intermittently  by  steam  pressure.  This  style 
of  machine  is  much  less  used  than  the  auger  for  several  reasons, 
chief  among  which  are:  (a)  Numerous  defects  in  the  brick, 
caused  by  bubbles  of  air  which  have  passed  with  the  clay  into 
the  press  chamber  and,  finding  no  means  of  escape,  have  been 
forced  into  the  body  of  the  brick  and  caused  therein  voids  or 
cavities  which  weaken  its  strength;  (b)  the  intermittent  nature 
of  the  flow  of  clay  which  prevents  the  use  of  automatic  machin- 
ery in  handling  the  output;  (c)  the  necessary  dividing  of  the 
steam  power  of  the  engine  in  order  to  furnish  the  pressure  neces- 
sary to  operate  the  piston;  (d)  the  cost  of  the  plunger  machine, 
which  is  usually  considerably  more  than  that  of  the  auger. 

Stiff  mud  brick,  however  made,  are  apt  to  have  certain  defects, 
some  of  which  it  is  hard  to  avoid.  The  most  common  of  these 
is  a  laminated  condition  of  the  inner  portion  of  the  brick.  This 
is,  for  the  most  part,  due  to  the  outer  portions  of  the  bar  of 
clay  being  retarded  by  friction  against  the  sides  of  the  die  as 
it  is  forced  through  it  by  either  plunger  or  auger,  while  the 
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inner  portion,  exempt  from  such  friction,  moves  more  rapidly 
onward.  These  laminations  are  less  frequent  in  large  bars  of 
clay  than  in  small  ones,  as  a  smaller  proportion  of  the  clay 
is  in  contact  with  the  die.  Hence  the  side-cut  machines  produce 
fewer  of  them  than  the  end-cut.  For  this  reason  more  of  the 
former  are  used,  especially  in  the  making  of  paving  brick  from 
soft,  gritless  shales  or  "soapstones,'^  which  have  a  stronger  ten- 
dency toward  lamination  than'the  harder,  more  nonplastic  clays. 
All  things  considered,  experience  has  proven  that  the  side-cut 
auger  machines  are  the  best  adapted  to  the  making  of  paving 
brick  from  such  raw  materials  as  occur  in  Indiana.  Five  of  the 
six  factories  now  in  operation  are  using  such  machines.  Two  of 
these  began  with  end-cut  machines  but  found  them  unsuitable 
for  working  the  shales.  The  latest  improved  side-cut  auger 
machines,  of  which  there  are  sevwal  patterns  on  the  market, 
when  supplied  with  the  latest  improved  cutting  table  and  auto- 
matic off-bearing  belts,  are  capable  of  making  40,000  brick  in 
ten  hours'  time. 

In  most  factories  the  brick  are  taken  from  the  cutting  table 
and  passed  through  a  repress  machine  before  they  are  taken  to 
the  dryer.  The  value  of  this  process  is  as  yet  a  mooted  question 
among  paving  brick  makers.  The  prevailing  opinion  at  present 
is  that  repressing  improves  the  brick  in  smoothness  and  general 
appearance  but  not  in  structure.  The  corners  are  rounded  off 
and  the  rough  sides,  caused  by  the  passage  of  the  cutting  wires 
through  the  clay,  are  obliterated.  Two  represses,  each  requiring 
the  services  of  two  men,  are  necessary  to  take  care  of  the  output 
of  a  single,  side-cut,  auger  brick  machine. 

Drying  the  Brick. — After  the  brick  have  been  given  their 
shape  on  the  cutting  table  or  the  repress,  the  next  process  in 
their  manufacture  is  the  driving  off  of  the  water  which  has  been 
added  to  the  clay  to  secure  plasticity.  The  average  daily  output 
of  a  single  modem  side-cut  machine  contains  almost  20  tons  of 
this  water.  How  to  remove  it  quickly  and  cheaply  by  evapora- 
tion has  been  a  question  which  has  sorely  puzzled  paving  brick 
makers  in  the  past.  Many  methods  have  been  devised,  but  the 
one  now  most  used,  and  which  will  most  probably  be  connected 
with  such  paving  brick  plants  as  will  be  erected  in  the  future, 
is  known  as  the  progressive  or  tunnel  system.     By  this  system 
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small  iron  cars,  single  or  double  decked,  each  holding  from  350 
to  500  of  the  undried  block  or  brick,  are  pushed  in  at  one  end 
of  a  long,  low  tunnel  or  dry  house,  and  by  slow  progression 
moved  forward  to  the  other  end.  This  tunnel  has'cloee  fitting 
doors  at  each  end,  and  two  to  four  sets  of  double  tracks.  Often- 
times four  to  eight  tunnels  are  combined  in  one  drier  or  dry 
house.  In  Ihe  most  modem  dryers  "waste  heat"  from  the  kilns 
which  have  just  been  burned  is  used.  Formerly  the  kiln  was 
opened  as  soon  as  the  burning  was  completed,  and  this  heat 
allowed  to  escape.  Now,  by  the  waste  heat  process  of  drying,  it 
is  forced  through  underground  tunnels  by  a  large  revolving  fan 
to  the  dryhouse  and  much  saving  of  fuel  thereby  accomplished. 
The  kilns  are  attache(d,  as  desired,  to  the  underground  tunnels 
by  iron  goose  necks  inserted  in  the  door  of  the  cooling  kiln  and 
in  the  manhole  opposite  the  kiln  door.  Much  saving  of  time  is 
effected  by  the  waste  heat  process,  as  the  freshly  burned  kilns 
of  ware  can  be  cooled  in  four  days,  whereas,  under  the  old 
method,  it  often  required  seven. 

The  waste  heat  process  is  now  being  used  at  a  number  of  the 
larger  clay  working  factories  in  the  State,  and  will  doubtless  be 
adopted  at  others.  At  some  of  the  older  factories  .steam  or 
direct  heat  are  used.  In  the  former  many  thousand  feet  of 
radiating  and  coiled  steam  pipes  are  laid  beneath  each  drier. 
These  are  most  abundant  at  the  end  of  the  tunnel  nearest  the 
kiln  for  which  the  dried  brick  or  other  wares  are  intended. 

In  drying  the  brick,  the  loaded  car  is  rim  in  at  one  end,  and 
when  the  neixt  car  is  put  in,  the  one  in  front  is  pushed  forward 
a  car  length,  and  is  thus  moved  slowly  to  the  other  end  of  the 
tunnel,  the  rate  being  so  regulated  that  the  bricks  are  dry  enough 
to  stack  in  the  burning  kiln  when  they  reach  the  far  end  of  the 
drying  tunnel.  In  general  the  temperature  in  the  tunnel  is  so 
controlled-  as  to  be  lowest  at  the  near  end  where  the  cars  first 
enter  and  highest  at  the  end  from  which  they  emerge.  The  new 
carload  of  brick  doeis  not  dry  to  any  extent,  but  it  begins  to 
warm  through,  till  each  individual  brick  is  as  hot  as  the  sur- 
rounding atmosphere.  As  the  ciirs  are  shoved  down  the  tunnel, 
each  advancing  one  finds  itself  in  an  atmosphere  a  little  warmer. 
The  water  now  begins  to  dry  on  the  surface  of  the  bricks,  and  as 
they  have  been  previously  brought  to  a  warm  steamy  condition, 
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the  surface  evaporation  is  constantly  replaced  by  moisture  from 
the  inside.  lie  nee  thore  is  no  tendency  for  the  outside  of  the 
brick  to  contract  faster  than  the  inside  and,  therefore,  no  ten- 
dency to  cracking  or  breaking.  As  the  bricks  proceed  onward 
they  yield  up  succe^ssive  portions  of  their  moisture,  and  finally 
emerge  from  the  hot  end  of  the  drier  ready  for  the  kiln.  Thp 
daily  output  of  an  average  factory  can  be  dried  ready  for  setting 
in  the  kilns  in  from  24  to  30  hours  by  the  latest  styles  of  pro- 
gressive driers. 

Burning  tiik  Brick. — All  other  processes  of  clay  manufactur- 
ing are  subordinate  in  importance  to  that  of  the  burning.  Espe- 
cially is  this  true  of  the  manufacture  of  paving  brick  where, 
upon  the  proper  management  of  the  burning,  more  than  upon 
the  quality  of  the  clay  or  its  preparation,  depends  the  degree  of 
vitrification  and  toughness  which  the  finished  product  will 
possess.  For  the  most  part,  the  burning  of  vitrified  products  is 
carried  on  in  down-draft  kilns.  These  are  of  several  patterns, 
the  most  common  of  which  is  the  round  down-draft,  from  26 
to  30  feet  in  diameter  and  holding  28  to  35  thousand  standard 
block,  or  40  to  45  thousand  ordinary  sized  brick.  On  account  of 
the  importance  of  this  process,  the  following  full  and  valuable 
account  of  the  proper  method  of  burning  ordinary  sized  paving 
brick  is  taken  from  the  Clay  Worker.  It  was  written  by  that 
noted  authority  on  all  subjects  pertaining  to  clays.  Prof.  Edward 
Orton,  Jr.,  of  Columbus,  Ohio: 

The  kiln  may  be  supposed  to  be  twenty-lQve  feet  in  diameter,  with 
ten  fire  holes  of  the  inclined  grate  style,  and  the  contents  of  the  kiln  are 
set  twenty-five  courses  high.  Tlie  fires  are  lighted  at  once,  when  the 
setters  have  finished  their  work  and  erected  a  single  wicket  in  each  door. 
The  fires  at  first  are  very  small,  not  over  one-half  bushel  in  cubic  con- 
tents, and  are  at  the  bottom  of  the  grate  bars  and  in  the  foot  of  the  bag. 
They  are  maintained  at  about  this  stage  for  the  first  twelve  hours,  when 
they  are  doubled  in  size.  The  temperature  of  the  waste  gases  passing 
off  in  the  stack  at  the  end  of  twelve  hours  will  be  milk  warm  or  a  little 
more.  During  the  first  three  days  the  draft  of  the  kiln  is  apt  to  be  too 
feeble  rather  than  too  strong,  so  under  usual  conditions  the  stack  has  full 
chance,  unobstructed  by  damper  of  any  kind.  The  air  supply  entering 
the  kiln  during  the  first  day  is  very  large,  as  it  has  nearly  the  whole  area 
of  each  fire  hole.  This  space  is  gradually  filled  up  as  the  size  of  the 
fires  increase,  so  that  the  temperature  of  the  gases  passing  into  the  kiln 
insensibly  increases,  hour  by  hour,  as  the  air  passages  are  dimhuished  and 
the  fires  increasod.    During  the  first  twenty-four  hours  the  wickets,  peep- 
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holes  and  all  openings  except  the  fire  holes  should  be  finished  up  and 
daubed  with  mud  and  washed  with  clay-slip  till  air  tight 

During  the  second  twenty-four  hours  the  fires  are  again  doubled,  the 
increase  being  carefully  distributed  throughout  the  day.  This  will  about 
half  fill  the  fire  holes,  leaving  the  upper  half  of  the  openings  free  for 
air.  The  waste  gases  in  the  draft  stack  will  feel  much  warmer  at  the  end 
of  the  second  day— probably  from  140  degrees  to  IGO  degrees,  and  they 
are  so  laden  with  water  that  they  appear  as  clouds  of  steam  if  the  out- 
side air  Is  cool.  During  the  third  day  the  fires  are  slightly  increased, 
but  not  so  as  to  more  than  two-thirds  fill  the  fire  holes.  The  waste  gases 
rapidly  increase  in  heat  during  the  day,  usually  getting  too  hot  for  the 
bare  hand,  and  the  visible  steam  becomes  less  and  less,  generally  disap- 
pearing before  the  end  of  twenty-four  hours. 

The  kiln  has  now  passed  through  what  is  called  in  the  trade  the 
"water-smoking"  period.  The  water  discharged  is  largely  that  which 
IS*  free  and  merely  left  in  the  bricks  from  the  dryers,  •  though  possibly 
some  combined  water  has  been  expelled  during  the  third  day.  The  in- 
tention of  the  burner  during  this  period  is  to  subject  the  bricks  to  a 
liberal  fiow  of  air  and  gases,  beginning  at  a  low  heat,  and  by  the  end  of 
the  third  day  attaining  a  temperature  of  300  or  400  degrees.  If  this  is 
done  the  last  traces  of  free  water  will  have  been  drawn  out,  and  the  kiln 
will  be  ready  for.  raising  "fires." 

The  fire  holes  are  now  filled  up  so  that  the  air  supply  is  nearly  cut 
off,  and  what  air  does  draw  in  over  the  top  of  the  fire  is  hardly  more 
than  suflicient  to  consume  the  infiammable  gases  from  in  rear  of  the  fires. 
Under  this  condition  the  fire  holes  soon  become  red,  and  soon  after  the 
bags  and  fire  walls  are  seen  to  be  red  as  well,  and  during  the  second  half 
of  the  fourth  clay  the  bricks  will  become  a  dull  red,  easily  seen  at  night 
and  with  difliculty  by  day.  It  is  at  this  stage  that  the  combined  water 
is  expelled,  and  the  utmost  caution  and  regularity  are  needed.  The  heat 
must  be  maintained  and  slightly  increased,  hour  by  hour,  constantly  aim- 
ing to  cause  the  redness  to  travel  downwards,  course  by  course,  without 
materially  increasing  the  temperature  of  the  top. 

The  draft,  if  too  strong,  must  be  cut  down,  and  the  heat  regulated 
by  the  size  of  the  air  inlets  over  the  top  of  the  fires.  In  cold  weather 
steam  will  be  aeen  for  the  second  time  during  this  day,  but  in  warm 
weather  the  superheated  vapor  is  absorbed  into  the  atmosphere  without 
condensation. 

The  kiln  should  be  gauged— that  is,  the  distance  from  the  top  of  the 
bricks  to  the  top  of  the  kiln  should  be  carefully  measured— during  the 
fourth  day,  as  soon  as  the  bricks  are  hot  enough  to  distinguish,  or  be- 
fore. This  figure  should  be  noted  down  for  future  reference.  During 
the  fifth  day  the  air  supply  will  be  nearly  cut  off,  and  the  fire  holes  will 
be  at  their  full  heat.  The  temperature  at  the  beginning  of  the  day 
should  be  distinctly  red  on  top  and  a  barely  visible  red  in  the  middle 
peep-hole  on  the  twelfth  course  from  the  bottom.  During  the  twenty- 
four  hours  the  heat  should  be  increased  to  a  clear,  bright  cherry  red  on 
top,  decreasing  to  a  distinctly  visible  red  on  the  bottom  of  the  kiln,  and 
on  the  draft  stack.  When  this  color  is  seen  in  the  stack  it  is  a  sign  that 
the  necessary  heat  to  expel  the  combined  water  from  the  clay  has  been 
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attained  from  top  to  bottom,  and  that  the  bricks  are  now  ready  to  tak^ 
the  finishing  temperatures  as  fast  as  they  can  absorb  them.  The  con- 
stant danger  will  be,  during  the  fifth  and  subsequent  days,  that  the  top 
courses  will  become  overheated  for  a  few  moments.  If  the  burner  is 
not  constantly  on  the  qui  vive,  after  every  firing,  especially,  the  heat  will 
become  too  great  and  the  quality  of  the  top  courses  will  be  damaged  or 
ruined.  If  the  work  is  skillfully  done  the  top  courses  will  be  still  only  a 
good,  hard  building  brick  at  the  dose  of  the  fifth  day,  while  the  bottom 
has  arrived  at  the  softest  salmon  stage. 

On  the  sixth  day  the  finishing  process  or  "high  fire"  begins.  So  far 
the  rise  in  temperature  has  been  comparatively  regular  and  gradual. 
But  after  the  gases  have  been  expelled  from  the  clay  the  danger  of  sud- 
den changes  in  the  heat  is  only  that  the  highest  limit  may  be  exceeded; 
variations  inside  of  that  limit  do  no  harm.  rThe  fires  are  managed  much  as 
before,  the  air  supply  being  greater  or  less  according  to  the  heat  needed 
for  the  moment.  The  top  of  the  kiln  becomes  heated  up  to  its  practical 
limit  of  safety  a  few  hoiits  after  the  finishing  process  begins,  and  if  the 
heat  is  still  maintained  without  cessation  the  bricks  will  soon  become 
spongy.  If  the  heat  be  kept  on  for  a  few  hours,  until  the  top  bricks  be- 
gin to  show  signs  of  distress,  and  then  allowed  to  cool  off  somewhat, 
together  with  an  increase  of  draft,  it  is  found  that  the  top  portions  of 
the  kiln  will  give  out  heat  again,  and,  while  cooling  down  themselves, 
they  assist  In  bringing  up  the  heat  of  the  courses  below  them. 

By  working  the  kiln  as  described  and  carrying  wave  after  wave  of 
heat  from  the  top  downwards  the  bottom  of  the  kiln  ought  to  become 
strongly  red  by  the  end  of  the  sixth  day,  the  top  being  as  hard  as  is  de-; 
sired  before  this  time.  The  gauge  at  this  stage  should  show  about  five 
or  six  inches  settle  from  the  first  figure,  with  a  setting  25  courses  high. 

The  same  method  of  firing  during^  each  succeedmg  12  hours  ought 
to  show  a  further  settle  of  two  inches.  By  the  end  of  the  seventh  day 
the  settle  will  probably  be  9  or  10  inches,  and  the  trials  taken  from  the 
top,  middle  and  bottom  will  show  the  vitrification  to  be  complete  on  top, 
fair  in  the  middle  and  too  soft  on  the  bottom.  Twelve  hours  more  ought 
to  bring  the  heat  down  to  the  bottom  so  that  the  settle  shows  11  or  12 
inches  and  the  trial  a  hard  building  brick  or  poorly  vitrified  paver.  The 
burn  \a  ready  to  conclude  at  any  time  the  burner  sees  fit,  and  he  must 
now  weigh  in  his  mind  the  benefit  and  danger  of 'each  fire  before  putting 
it  on.  The  conclusion  of  a  bum  under  such  conditions  as  have  been  de- 
scribed  should  not  be  later  than  the  middle  oi  end  of  the  eighth  day. 

In  cooling  off  the  practice  varies.  Experience  has  shown  that  the 
danger  point  in  cooling  vitrified  clay  ware  is  at  a  dark  red  or  black  heat. 
When  the  ware  is  very  hot  it  can  not  be  damaged  by  free  admission  of 
air,  providing  that  it  all  enters  through  the  fire  holes  and  red-hot  flues. 
The  proper  plan  is  to  allow  the  kiln  to  cool  down  under  full  draft  until  it 
begins  to  look  dark,  then  shut  the  dampers  and  cool  as  slowly  as  the  kiln 
capacity  will  allow.    Three  to  six  days  are  allowed  to  round  kilns. 

The  slower  the  cooling  the  greater  toughness  is  found  in  the  product. 
The  top  course  and  the  bricks  immediately  next  the  bags  are  always 
likely  to  be  brittle  in  any  case,  as  they  are  heated  up  and  cooled  down 
many  times  in  the  bum  in  accumulating  th^  w^v^f  of  h^at  b^  which  th^ 
bottom  courses  are  reached. 
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Cost  of  a  Paving  Brick  Plant. — The  cost  of  a  paving  brick 
factory  fitted  up  with  modem  machinery  varies  much,  according 
to  location,  size,  etc.  In  order  to  have  the  judgment  of  practical 
paving  brick  manufacturers  on  the  question  of  cost  of  such  a 
factory,  Mr.  I.  G.  Poston,  superintendent  of  the  Poston  Paving 
Brick  Co.,  of  Crawfordsville,  and  Mr.  W.  P.  Blair,  superintend- 
ent of  the  Terre  Haute  Brick  and  Pipe  Co.,  at  Torre  Haute,  were 
asked  to  furnish  estimates  of  a  modemly  equipped  factory,  hav- 
ing a  capacity  of  40,000  paving  block  per  day.  They  kindly 
complied  with  the  request,  and  their  estimates,  given  verbatim, 
herewith  follow: 

By  I.  G.  Poston. 

Crawfordsville,  lud.,  February  20,  1905. 

Estimate  of  cost  of  a  modem  paving  brick  plant  witli  a  daily  capacity  of 
40,000  8-pound  paving  blocks  per  day.    (&ize  of  block,  3x4x8»^  inches.) 

Ola$$ifieaiion,  Requirementt,  Cott, 

Kilns— Sixteen  30-ft.  (inside)  round  down-draft,  with  stacks  (ar- 
ranged in  groups  of  four),  with  one  stack  (partitioned) 
to  each  group $24,000 

Buildings— Machinery  building  40x100  ft.  (divided  into  (a)  boUer 
room,  (b)  engine  room  and  (c)  machinery  room),  stable, 
machine  shop  and  office 6,0(X) 

Dryer— Ten-tunnel  waste-heat  dryer  (brick  and  concrete  construc- 
tion), with  a  12-foot  waste-heat  fan  and  underground  flues 
to  kiln,  complete  with  steel  car  equipment 7,000 

Machinery— Two  150  h.  p.  boilers,  one  250  h.  p.  Corliss  engine, 
two  stokers,  two  9-ft.  dry  fans,  one  12-ft  pug  mill,  one 
heavy  auger  brick  machine,  one  cutting-table,  two  double 
represses,  elevators,  shaftings,  beltings,  etc.,  complete 15,000 

Incidental— Land,  tools,  office  furniture,  etc 3,000 

Total $55,000 

By  W.  p.  Blair. 

Terre  Haute,  Ind.,  February  10,  1905. 

Kstimate  for  modern  paving  brick  plant,  having  40,000  daily  capacity. 

A.— Sixteen  down-draft  kilns.  30  ft  diameter,  at  $2,500 $40,000 

B.— Slxteen-track  tunnel  dryers,  with  tunnels  for  waste-heat,  in- 
cluding eiiuipment  of  cars,  fans,  tracks  and  engines,  etc 20,(X)0 

C— Machinery,  power  and  factory  equipment 35,0CK) 

D— Buildings,  etc 10»000 
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In  the  foregoing  estimate  no  account  of  cost  for  water,  railway 
faoiJitieB,  shipping  yards,  sewerage,  delivery  of  Qlay  into 
plant,  etc. ,  is  provided  for,  whioh  must  vary  mnch  aooording 
to  location  and  conditions,  and  do  cost  from  $10,000  to  $30,000    30,000 


Total $135,000 

• 

It  will  be  seen  that  a  wide  divergence  exists  between  the  esti- 
mates of  the  two  gentlemen.  From  figures  gained  from  other 
soutrces  and  froin  close  personal  observation  of  a  number  of 
factories,  it  is  Delieved  that  the  average  cost  will  be  about  $1,500 
for  each  1,000  daily  capacity  of  output.  This  does  not  include  . 
the  cost  of  railway  switches,  nor  the  capital  necessary  to  carry 
on  the  business  before  the  returns  begin  to  come  in. 

Cost  of  Making  Paving  Brick. — This  also  varies  much  accord- 
ing to  location  and  size  of  plant,  price  of  labor,  cost  of  fuel,  etc. 
Where  a  factory  is  fitted  up  with  modem  machinery,  has  an 
output  of  35,000  or  more  daily,  and  is  situated  by  the  side  of 
the  clay,  fuel  and  water,  so  that  these  necessities  can  be  obtained 
at  a  minimum  price,  the  actual  cost  of  making  repressed  paving 
brick  and  putting  them  on  board  the  cars,  is  in  the  immediate 
neighborhood  of  $6.00  per  thousand;  of  block,  $6.50  per  thou- 
sand. To  this  must  be  added  the  interest  on  capital  invested, 
insurance,  taxes,  office  expenses,  salaries  of  salesmen  and  all 
other  general  expenses,  which  will  bring  the  cost  up  to  near 
$6.50  per  thousand  for  the  brick  and  $7.00  for  the  block.  The 
prices  at  which  they  now  sell  in  Indiana  are  said  by  the  makers 
to  average  about  $10.00  for  the  brick  and  $11.00  for  the  block 
on  board  the  cars  at  the  factory.  This  includes  "seconds"  and 
"culls." 

The  Testing  of  Paving  Brick. — ^The  question  of  the  proper 
tests  to  which  samples  of  the  brick  destined  for  paving  streets 
shall  be  subjected  is  a  most  important  one.  Each  city  engineer 
has,  usually,  his  own  opinions  on  this  matter,  and  makee  his  tests 
according  to  his  own  best  judgment. 

As  already  stated,  the  two  essential  qualities  of  a  good  paving 
brick  are  vitrification  and  toughness.  Hence,  the  most  important 
tests  which  can  be  made  are  those  which  will  go  to  prove  the 
presence  of  these  qualities  in  proper  degree.  These  are  the  ab- 
sorption test  and  the  abrasion  or  rattling  test.     The  following 
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method  of  making  the  absorption  test  is  given  as  one  which  has 
been  commended  by  experts : 

One  whole  and  three  half  bricks  of  average  hardness,  which 
are  free  irom  kiln  sand  and  which  have  not  been  subjected  to 
the  abrasion  test,  should  be  taken.  These  should  be  dried  care- 
fully over  a  register  or  in  a  radiator  for  24  hours,  at  a  tempera- 
ture between  200  and  300  degrees.  Each  specimen  should  then 
be  weighed  accurately  on  scales  which  are  graduated  to  at  least 
one-fourth  of  an  ounce,  and  a  record  kept  of  their  separate  and 
combined  weights.  They  should  then  be  soaked  in  clear  water 
for  24  hours,  after  which  they  should  be  wiped  dry  with  a  cloth 
and  weighed  again.  The  increase  in  weight  denotes  the  amount 
of  water  absorbed.  The  sum  of  this  should  be  reduced  to  a 
percentage  of  the  dry  weight,  and  this  will  be  the  per  cent,  of 
absorption.  The  maximmn  amiount  of  this  which  is  allowable 
in  a  paving  brick  is,  as  yet,  an  unsettled  question.  Some  city 
engineers  make  two  per  cent,  the  limit.  More  fix  the  amount 
at  one  and  a  half  per  cent.  By  far  the  greater  number  of  paving 
brick  placed  upon  the  market  show  a  gain  of  less  than  one  per 
cent.,  so  that  two  per  cent,  is  probably  not  far  from  the  limit 
which  it  is  best  to  allow.  No  brick  should  be  condemned  or 
endorsed  on  the  absorption  test  alone,  as  such  a  test  is  an  index 
only  of  the"  quality  of  vitrification,  and  gives  no  proof  of  the 
presence  of  the  other  qualities  which  the  brick  must  possess. 

For  the  abrasion  test,  which  is  made  to  indicate  the  toughness 
of  the  pavers,  and  is  therefore  by  far  the  most  important,  the 
following  specifications  for  machine  and  test  have  been  adopted 
by  the  National  Brick  Manufacturers'  Association,  and  may  be 
recognized  as  the  standard : 

National  Brick  Manufacturers'  Association  Specifications 
FOB  Standard  Method  of  Conducting  the  Rattler  Test 

FOR  Pavinu  Brick. 

I.  Dimensions  of  the  Machine. — The  standard  machine  shall 
be  28  inches  in  diameter  and  20  inches  in  length,  measured  inside 
the  rattling  chamber. 

Other  machines  may  be  used,  varying  in-  diameter  between  26 
and  30  inches,  and  in  len^h  from  18  to  24  inches,  but  if  thia 
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is  done,  a  record  of  it  must  be  attached  to  the  official  reiport. 
Long  rattlers  must  be  cut  up  into  sections  of  suitable  length  by 
the  insertion  of  an  iron  diaphragm  at  the  proper  point. 

II.  Construction  of  the  Machine. — ^The  barrel  may  be  driven 
by  trunnions  at  one  or  both  ends,  or  by  rollers  underneath,  but 
in  no  case  shaU  a  shaft  pass  through  the  rattler  chamber.  The 
cross-section  of  the  barrel  shall  be  a  regular  polygon,  having  four- 
teen sides.  The  heads  shall  be  composed  of  gray  cast-iron,  not 
chilled  nor  case-hardened.  The  staves  shall  preferably  be  com- 
posed of  steel  plates,  as  cast-iron  peens  and  ultimately  breaks 
under  the  wearing  action  on  the  inside.  There  shall  be  a  space 
of  one-fourth  of  an  inch  between  the  staves  for  the  escape  of  the 
dust  and  small  pieces  of  waste. 

'  Other  machines  may  be  used  having  from  twelve  to  sixteen 
staves,  with  openings  from  one-eighth  to  three-eighths  of  an  inch 
.between  staves,  but  if  this  is  done  a  record  of  it  must  be  attached 
to  the  official  report  of  the  test. 

III.  Composition  of  the  Charge. — All  tests  must  be  executed 
on  charges  containing  but  one  make  of  paving  material  at  a  time. 
The  charge  shall  be  composed  of  the  brick  to  be  tested  and  iron 
abrasive  material.  The  brick  charge  shall  consist  of  that  number 
of  whole  bricks  or  blocks  whose  combined  volume  most  nearly 
amounts  to  1,000  cubic  inches,  or  eight  per  cent,  of  the  cubic 
contents  of  the  rattling  chamber.  (Nine,  10  or  11  are  the  num- 
ber required  for  the  ordinary  sizes  on  the  market.)  The  abra- 
sive charge  shall  consist  of  300  pounds  of  shot  made  of  ordinary 
machinery  cast-iron.  This  shot  shall  be  of  two  sizes,  as  described 
below,  and  the  shot  charge  shall  be  composed  of  one-fourth  (75 
pounds)  of  the  larger  size  and  three-fourths  (225  pounds)  of  the 
smaller  size. 

IV.  Size  of  the  Shot. — ^The  larger  size  shall  weigh  about 
seven  and  one-half  pounds  and  be  about  two  and  one-half  inches 
square  and  four  and  one-half  inches  long,  with  slightly  rounded 
edges.  The  smaller  size  shall  be  one  and  one-half -inch  cubes, 
weighing  about  seven-eighths  of  a  pound  each,  with  square  comers 
and  edges.  The  individual  shot  shall  be  replaced  by  new  ones 
when  they  have  lost  one-tenth  of  their  original  weight. 

V.  Kevolutions  of  the  Charge. — The  number  of  revolutions 
of  the  Standard  test  shall  be  1,800,  and  the  speed  of  rotation 
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shall  not  fall  below  28  nor  exceed  30  per  minute.  The  belt  power 
shall  be  suflScient  to  rotate  the  rattler  at  the  same  speed  whether 
charged  or  empty. 

VI.  Condition  of  the  Oharga — The  bricks  composing'  a 
charge  shall  be  thoroughly  dried  before  making  the  test. 

VII.  The  Calculation  of  the  Results. — The  loss  shall  be  calcu- 
lated in  percentages  of  the  weight  of  the  dry  brick  composing  the 
charge^  and  no  results  shall  be  considered  as  official  unless  it  is 
the  average  of  two  distinct  and  complete  tests,  made  on  separate 
charges  of  brick. 

The  length  of  time  to  which  the  brick  shall  be  subjected  to  the 
test  and  the  maximum  loss  which  they  may  sustain  were  not 
included  in  the  above  specifications.  The  Indiana  manufacturers 
of  vitrified  paving  bricTc  and  block  have,  however,  recommended 
the  following  as  a  reasonable  test  covering  the  two  omitted 
points : 

"The  brick  or  block  shall  be  submitted  to  a  test  of  one  hour 
in  the  standard  rattler,  and  if  the  loss  by  abrasion  during  such 
test  exceeds  20  per  cent,  of  the  original  weight  of  the  brick 
tested,  then  such  brick  or  block  shall  be  rejected." 

The  abrasion  and  absorption  tests  of  paving  brick  or  block  are 
the  principal  onep  in  use  as,  if  properly  made,  they  prove  the 
presence  or  absence  of  the  proper  degree  of  toughness  and  vitri- 
fication. Other  tests  which  probably  should  be  made  are  those 
showing  the  hardness  and  the  cross-breaking  or  transverse 
strength.  The  former  is  easily  determined  by  the  use  of  the 
scale  of  hardness  or  scratching  test,  as  the  ability  to  scratch  or 
to  be  scratched  determined  the  relative  hardness  of  any  two 
substances.  This  scale  is  explained  in  all  works  on  elementary 
physics,  and  is  the  one  commonly  in  vogue  with  mineralogists. 
Its  numbers  run  from  one  to  ten,  and  certain  well  known  min- 
erals are  taken  as  types  of  each  degree,  talc  or  soapstone  being 
No.  1 ;  calcite  No.  3,  etc.  Nos.  6  ^nd  7  represented  respectively 
by  feldspar,  a  common  constituent  of  granite  rocks,  and  quartz, 
a  very  common  mineral,  are  the  two  degrees  of  the  scale  which 
should  be  used  comparatively  in  testing  paving  brick.  No  brick 
should  be  used  for  street  purposes  whose  hardness  is  not  six  or 
above,  while  none  showing  a  hardness  above  seven  are  made.  In 
making  the  test  the  inspector  should  be  provided  with  pieces  of 
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feldspar  and  quartz  2x4  inches,  or  larger  in  size,  and  also  with 
an  ordinary  three-cornered  file.  The  file  should  be  drawn  with 
considerable  pressure  over  the  narrow  face  or  edge  of  the  brick, 
and  with  the  same  amount  of  pressure  over  both  the  feldspar 
and  the  quartz,  and  observation  made  as  to  whether  the  depth 
of  the  cut  in  the  brick  is  greater,  less  or  equal  to  that  made  in 
the  minerals.  If  the  scratch  in  the  brick  is  less  than  that  in  the 
feldspar  and  deeper  than  that  in  the  quartz,  the  hardness  of  the 
brick  is  between  six  and  7,  or  the  one  desired ;  but  if  the  scratch 
in  th0  brick  is  plainer  and  deeper  than  that  in  the  feldspar  the 
brick  is  too  soft  and  should  be  rejected.  If  doubt  occurs  as  to 
the  pressure  exerted  by  the  file  being  the  same  in  each  instance, 
a  piece  of  the  brick  can  be  used  on  the  smooth  surfaces  of  the 
pieces  of  the  minerals,  and  'vice  versa.  The  harder  bodies  will 
scratch  the  softer. 

In  making  the  transverse  or  cross-breaking  test,  the  brick 
should  be  placed  edgewise  on  rounded  knife  edges,  set  six  inches 
apart,  and  the  load  applied  in  the  center  by  a  rounded  knife  edge 
until  the  brick  is  broken.  The  transverse  or  tensile  strength  is 
then  determined  by  the  following  formula: 

3W1 


f  = 


in  which 


2bh« 


f    =  tensile  strength  in  pounds  per  squnre  Inch. 

W  =  breaking  load  in  pounds. 

1    =  length  between  the  bearings. 

b  =  breadth  of  bricli. 

h   =  height  of  brick. 

The  crushing  test  for  brick  was  at  one  time  largely  used,  but 
of  late  years  has  been  considered  of  little  value.  "The  crushing 
strength  of  a  cube  cut  from  a  good  paving  brick  is,  say,  8,000 
to  10,000  pounds  per  square  inch,  and  if  the  pressure  is  applied 
on  only  a  portion  of  the  upper  surface  the  strength  is  about  tvnce 
as  much.  The  surface  of  contact  between  a  wheel  having  a  one 
and  one-half-inch  tire,  loaded  with  half  a  ton,  is  roughly  about 
one  square  inch,  which  gives  a  pressure  on  the  brick  of  only 
1,000  pounds  per  square  inch.  Therefore  there  is  no  danger  of 
the   brick  being  crushed. ''*     If  made,   the  brick  to  be   tested 

^  Baker,  1. 0.,  Brick  PaTements,  p.  8, 
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should  be  placed  edgewise,  and  the  edges  should  be  previously 
ground  smooth,  else  the  real  strength  will  not  be  obtained. 

If  the  four  tests  of  absorption,  abrasion,  hardness  and  trans- 
verse strength  have  been  made,  it  becomes  necessary  to  average 
them,  as  in  most  cases  one  sample  will  show  the  highest  per  cent, 
in  one  particular,  and  a  second  in  another  particular.  The  ques- 
tion then  arises,  what  relative  value  or  weight  should  be  given 
to  eacjh  test  ?  Regarding  this  point  opinions  widely  differ.  Prof. 
Edward  Orton,  in  a  recent  letter,  states  that  the  Committee  of 
the  National  Brick  Manufacturers'  Association  has  "discussed 
the  questions  of  absorption,  hardness,  cross-breaking,  crushing, 
etc.,  and  the  conclusions  reached  were  that  none  of  these  tests 
were  of  any  material  value  in  determining  the  relative  merits 
of  the  different  brands  of  paving  brick.  And  my  experience  in 
the  last  three  or  four  years  during  which  I  have  tested  many 
hundreds  of  samples  is  very  much  in  accordance  with  these  views. 
I  do  not  see  what  knowledge  we  gain  of  paving  brick,  which  is 
of  value  to  the  case^  in  making  a  cross-breaking  and  crushing 
test,  or  even  an  absorption  test.  If  I  thought  we  gained  any 
better  knowledge  of  the  wearing  power  by  making  this  test,  I 
should  be  only  too  glad  to  make  it,  of  course.  But  I  can  not 
see  where  the  value  to  the  user  or  the  brick  manufacturer  comes 
in.  If  I  were  writing  a  report  on  thia  subject  at  present  I  should 
take  this  ground,  and  recommend  that  for  paving  brick  the  test 
should  be  confined  to  the  rattler  method." 

Many  city  engineers,  however,  require  that  the  sample  brick 
be  put  to  other  tests,  and  as  the  qualities  of  toughness  and  vitri- 
fication are  most  desired,  it  is  obvious  that  the  tests  of  rattling 
and  absorption  should  be  rated  higher  than  the  other  two  in 
making  out  the  average.  Probably  the  best  relative  value  which 
can  be  given  each  of  the  four  in  making  out  the  final  average 
is  as  follows: 

Rattling 60  per  cent. 

Absorption  20  per  cent 

Hardness 10  per  cent. 

Transverse  strength   10  per  cent 

The  engineer  in  prescribing  his  specifications  for  bids  should 
make  known  fully  the  manner  in  which  each  test  shall  be  made, 
and  the  relative  weight  which  shall  be  given  each  in  computing 
the  final  average. 


*ttt3    U^E    Ol?    PAVING    lyiATKRIAL.  639 

The  Formation  of  Brick  Pavement. — ^While  the  making  of 
brick  streets  is  an  industry  entirely  distinct  from  that  of  the 
manufacture  of  paving  brick,  the  future  of  the  latter  industry 
depends  wholly  upon  the  successful  wear  of  such  streets  and  the 
satisfaction  which  they  give  to  the  general  public. 

Many  brick  pavements  which  have  been  put  down  in  the  pa»t 
have  proven  costly  investments,  but  a  much  larger  number  have 
proven  entirely  satisfactory  both  in  comparative  cost  and  wear. 
The  failure  of  those  unsatisfactory  has  been  due  to  many  causes. 
One  of  the  most  common  of  these  has  been  the  use  of  poor 
foundations.  It  has  been  long  proven  by  experience  that  no  mat- 
ter how  superior  the  wearing  surface  of  the  street  may  be,  unless 
such  surface  is  supported  upon  a  firm  and  enduring  foundation 
its  lease  of  life  will  be  short.  Another  common  cause  of  failure 
has  been  the  use  of  a  poor  grouting  or  filler,  or  the  .use  of  none 
at  all. 

Possibly  the  beet  examples  of  vitrified  pavements  in  Indiana 
are  to  be  found  in  the  brick  streets  of  Terre  Haute.  A  ntimber 
of  these  pavements  have  been  in  use*  from  10  to  15  years  and 
show  no  perceptible  wear,  though  subjected  daily  to  the  heaviest 
of  traflSc.  In  many  cases  entire  blocks  are  wearing  smooth  and 
becoming  more  of  an  ideal  street  each  year.  This  condition  has 
been  brought  about  by  the  skillful,  minute  and  careful  construc- 
tion in  detail  of  specifications  urged  by  George  R.  Grimes,  city 
civil  engineer,  of  Ten^e  Haute,  and  as.  recommended  by  the  Na- 
tional Association  of  Brick  Manufacturers  of  the  United  States. 

Mr.  W.  P.  Blair,  of  Terre  Haute,  kindly  furnished  me  a  copy  of 
the  specifications  used  in  that  city,  prefacing  them  with  the  fol- 
lowing remarks : 

On  the  Importance  of  the  Proper  Construction  of  Brick 

Pavements. 

"Indiana  utilizes,  with  loyal  appreciation,  the  products  of  her 
own  resources  to  a  commendable  degree,  yet  this  spirit  and  loy- 
alty may  be  increased  many  fold,  to  the  decided  advantage,  wel- 
fare and  comfort  of  our  citizenship.  In  no  other  direction  can 
this  be  more  so  than  in  the  liberal  and  proper  utilization  of  her 
shale  product,  cement  stone  and  gravel  in  the  proper  and  perma- 
nent construction  of  her  streets  and  highways.     Few  States  of 
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the  Union  are  favored  with  such  an  extended  area  of  distribution 
of  stone  and  gravel  as  is  Indiamt,  thus  bringing  the  cost  of  either 
to  a  minimum.  As  will  be  noted  throughout  this  report  on  'Olays 
and  Clay  Industries/  Western  Indiana  affords  sites  sufficient  for 
all  capital  desiring  to  enter  the  field  for  the  manufacture  of  shale 
products.  Even  now  six  Indiana  companies — ^grown  to  be  large 
ijistitutions — are  engaged  in  the  specialty  of  manufacturing  vitri- 
fied brick  for  street  and  roadway  purposes,  and  afford  such  com- 
petition that  streets  in  Indiana  may  be  built  of  the  best  character 
at  a  price  ranging  from  $1.50  to  $1.75  per  square  yard.  These 
companies  and  their  locations  are  as  follows : 

"The  Terre  Haute  Brick  and  Pipe  Company,  Terre  Haute. 

"The  Indiana  Paving  Brick  and  Block  Company,  Brazil. 

"The  Wabash  Clay  Company,  Veedersburg. 

"The  Clinton  Paving  Brick  Company,  Clinton. 

"The  Boston  Paving  Brick  Company,  Crawfordsville. 

"The  Evansville  Pressed  Brick  Company,  Evansville. 

"Cement  concrete  sidewalks  and,  also,  stone  and  gravel  road- 
ways have  reached  a  high  state  of  perfection.  It  seems  to  be 
almost  universally  known  how  best  to  build  them,  but  not  entirely 
so.  In  the  case  of  the  brick  street  or  roadway  the  difference  is  so 
great  by  comparison  between  a  street  built  in  the  best-known  way 
and  one  that  is  constructed  without  taking  advantage  of  the  details 
so  essential  to  the  best  that  we  think  it  is  not  out  of  place  to  incor- 
porate Here  with  minuteness  the  directions  and  suggestions  that, 
carefully  and  skillfully  followed,  have  produced  really  wonderful 
results.  In  the  city  of  Terre  Haute  there  are  some  streets  now 
from  10  to  15  years  old  showing  no  perceptible  wear,  save  that 
sufficient  only  to  reduce  the  slightly  uneven  condition  as  when 
new  to  the  perfectly  smooth  plane  shown  in  their  present  condi- 
tion. These  furnish,  without  a  doubt,  the  most  convincing  exam- 
ples of  perfectly  constructed  brick  streets  known. 

"The  fact  that  the  above-named  Indiana  manufacturers  of  vit- 
rified shale  brick,  out  of  their  own  anxiety  to  bring  more  and  more 
into  favor  their  product,  fully  endorse  the  following  method  of 
construction  adds  greatly  to  its  value.  The  specifications  that 
follow  were  not  written  in  a  hurry.  We  did  not  write  them  in  an 
hour;  we  did  not  write  them  in  a  week ;  we  did  not  write  them  in 
a  year.     It  took  15  years  of  hard  study  to  determine  just  what 
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was  best,  and  when  these  specifications  were  completed,  two  or 
three  years  ago,  we  knew  from  experience  that  they  would  stand 
the  test  of  time. 

"In  view  of  the  high  degree  of  perfection  that  is  made  possible 
in  the  brick  streets  by  adhering  closely  to  these  specifications,  as 
well  as  the  extraordinary  sanitation  afforded  by  them,  and  the 
fact  that  they  can  be  made  wholly  out  of  m'aterial  the  product  of 
our  own  State,  it  would  seem  that  the  mileage  of  such  brick  pave- 
ments should  rapidly  grow." 

Specifications  for  the  Construction  of  Brick  Pavements  in  the 

City  of  Terre  Haute,  Indiana, 

Substructure  or  Grading. — ^Earth  in  excavation  to  be  removed 
with  plow  and  scraper,  or  other  device,  to  within  two  (2)  inches 
of  subgrade,  then  brought  to  true  grade  with  the  roller,  the  weight 
of  which  should  not  be  less  than  five  (5)  nor  more  than  eight  (8) 
tons.  If  the  earth  is  too  hard  to  receive  compression  through  the 
weight  of  the  roller,  then  loosen  the  remaining  two  (2)  inches 
with  a  pick  and  cart  away.  Earth  in  embankment  must  be  ap- 
plied in  layers  of  eight  (8)  inches  in  thickness  and  each  layer 
thoroughly  rolled,  and  in  both  excavation  and  embankment  the 
subgrade  must  have  a  uniform  density.  If  the  ground  is  a  spouty 
clay,  tile  drainage  should  be  provided  to  carry  off  this  accumula- 
tion of  wet. 

Curbing, — If  cement  is  used,  it  should  be  completed;  if  stone, 
all  should  be  hauled  and  distributed  and  set  before  the  grading 
is  finished,  and  may  then  be  used  as  a  guide  to  finish  the  subgrade. 
It  should  range  in  thickness  from  four  (4)  to  six  (6)  inches, 
twenty  (20)  to  twenty-four  (24)  inches  wide,  the  business  and 
street  traffic  governing  the  same,  and  lengths  not  shorter  than  five 
(5)  feet,  except  at  closures.  Neatly  dressed  on  top  with  a  square 
or  rounded  edge  and  four  (4)  inches  down  on  the  inside.  The 
outer  surface  to  be  tool-dressed  to  the  d^pth  of  the  face  exposed 
and  to  tlie  deptli  of  the  thickness  of  the  brick  and  sand  cushion. 
The  intersection  of  street  corners  and  alleys  should  be  circular, 
with  radius  of  four  (4)  and  three  (3)  feet,  respectively. 

Marginal  Curb, — Should  always  be  of  a  hard  and  durable  char- 
acter of  stone  and  from  fourteen  (14)  to  (18)  inches  deep,  dressed 
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on  top  and  five  (5)  inches  down  on  the  face  next  to  the  brick. 
Set  to  accurately  fit  the  curvature  of  the  crosa-section  of  the,3treet 
on  six  (6)  inches  of  concrete  and  backed  up  with  the  same  within 
six  (6)  inches  of  the  top. 
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Concrete  Foundation — Crushed  Stone. — Should  be  of  approved 
quality  of  hard  rock,  with  no  fragment  larger  than  will  pass 
through  a  two  (2)  inch  ring,  and  no  smaller  than  will  pass  through 
a  one  (1)  inch  ring  in  their  longest  dimensions,  free  from  all 
refuse  and  foreign  matter. 

Sand. — ^Must  be  clean,  sharp  and  -dry  and  thoroughly  mixed  in 
.  its  dry  state  until  the  whole  mass  shows  an  even  shade,  with  an 
approved  brand  of  either  hydraulic  or  Portland  cement.  If  hy- 
draulic, the  proportion  of  mixture  should  be  one  part  of  cement 
and  two  parts  of  sand ;  if  Portland  cement,  one  part  of  cement  and 
three  parts  of  sand.  To  the  above  mixture  should  be  added  suffi- 
cient clean  water  to  mix  to  a  plastic  mass,  fluid  enough  to  rapidly 
subside  when  attempting  to  heap  to  a  cone  shape.  To  this  mix- 
ture add  four  (4)  and  five  (5)  parts,  respectively,  of  damp  crushed 
stone  or  clean  screened  gravel,  and  turn  the  whole  mass  over  not 
less  than  three  (3)  times,  or  until  every  fragment  is  thoroughly 
coated  with  the  cement  mixture.  For  the  reception  of  this  mix- 
ture the  grade  should  be  set  off  in  five  (5)  foot  squares,  with  a 
stake  at  each  comer.  Tops  of  each  should  be  at  the  surface  of 
concrete,  which  must  be  tamped  until  free  mortar  appears  at  the 
surface.  Occasional  sprinkUng  in  extreme  hot,  dry  weather  is 
beneficial.    After  thirty-six  hours  the  cushion  sand  may  be  spread. 

Sand  Cushion. — Sand  should  be  clean  and  free  from  foreign 
or  loamy  matter.  It  need  not  necessarily  be  sharp.  It  should  be 
two  (2)  inches  thick  before  the  compression  of  the  brick  by  roll- 
ing. The  sand  should  be  spread  by  the  aid  of  a  template,  the 
whole  or  one-half  the  width  of  the  street,  made  to  conform  with 
the  true  curvature  of  the  street  cross-section. 

Brick. — ^The  brick  should  all  be  hauled  and  neatly  piled  inside 
of  the  curb  line  before  the  grading  is  finished,  or,  if  allowed  by 
the  engineer,  delivered  on  the  street,  in  wagons  and  carried  from 
the  pile  or  wagon  on  pallets  or  with  clamps,  and  not  wheeled  with 
barrows.  They  should  be  first-class  and  thoroughly  vitrified, 
showing  at  least  one  fairly  straight  face,  if  with  rounded  edges, 
with  no  greater  radius  than  3-16  of  an  inch.  They  should  not 
be  less  than  2^x4x8  or  more  than  3|:x4x9  inches,  free  from 
cracks,  with  but  slight  lamination,  and  at  least  one  edge  with  but 
slight  kiln  marks  allowed. 

Such  brick  or  blocks  shpll  be  submitt^  to  a  t^t  of  one  hour  io 
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the  National  Brick  Manufacturers'  Association  standard  rattler 
and  under  the  opnditions  jprescribed  by  that  association,  and  if  the 
loss  by  abrasion  during  such  test  exceeds  20  per  cent,  of  the  origi- 
nal weight  of  the  brick  tested,  then  such  brick  or  blocks  shall  be 
rejected. 

Brick  Laying, — ^Brick  should  be  laid  perix^ndicular  to  the  curb. 
Broken  brick  or  block  can  only  be  used  to  break  joints  in  starting 
courses  or  in  making  closures.  The  brick  shall  be  laid  on  edge, 
close  together,  in  straight  lines  across  the  roadway  between  gut- 
ters. Gutters  shall  be  constructed  as  directed  by  the  engineer. 
After  the  brick  are  laid  they  shall  be  thoroughly  inspected,  and 
all  warped,  spalled  and  soft  brick  removed  and  replaced  by  more 
perfect  ones,  and  those  found  with  the  bad  faceup  should  be 
turned  down. 

Tamping  and  Rolling. — After  theJnspection  is  thus  completed 
the  edge  of  the  pavement  shall  be  tamped  to  grade  next  to  curb 
to  the  width  of  six  (6)  or  eight  (8)  inches  out  from  the  curb  with 
a  hand  tamper.  The  entire  pavement  shall  then  be  rolled  with  a 
five  (5)  ton  steam  roller  until  all  brick  are  thoroughly  bedded  and 
the  whole  surface  assumes  a  practical  plane,  conforming  to  grad- 
ing  and  curvature  of  roadway. 

Expansion  Cushion, — An  expansion  cushion  must  be  provided 
for,  one  inch  in  thickness  next  to  the  curb,  filled  two-thirds  of  its 
depth  with  pitch,  the  top  one-third  being  filled  with  sand. 

The  Filler, — The  filler  shall  be  composed  of  one  part  each  of 
clean,  sharp  sand  and  Portland  cement.  The  sand  should  be  dry. 
The  mixture,  not  exceeding  one-third  bushel  of  the  sand,  together 
with  a  like  amount  of  cement,  shall  be  placed  in  the  box  and 
mixed  dry,  until  the  mass  assumes  an  even  and  unbroken  shade. 
Then  water  shall  be  added,  forming  a  liquid  mixture  of  the  con- 
sistency of  thin  cream.  From  the  time  the  water  is  applied  until 
the  laat  drop  is  removed  and  floated  into  the  joints  of  the  brick 
pavement  the  same  must  be  kept  in  constant  motion.  The  mix- 
ture shall  be  removed  from  the  box  to  the  street  surface  with  a 
scoop  shovel,  all  the  while  being  stirred  in  the  box  as  the  same  is 
being  thus  emptied.  The  box  for  this  purpose  shall  be  3^  to  4 
feet  long,  27  to  30  inches  wide  and  14  inches  deep,  resting  on  legs 
of  different  lengths,  so  that  the  mixture  will  readily  float  to  the 
lower  comer  of  the  box,  which  should  be  from  8  to  10  inches  above 
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the  pavement.  This  mixture,  from  the  moment  it  touches  the 
brick,  shall  be  thoroughly  swept  into  all  the  joints.  Two  such 
boxes  shall  be  provided  in  case  the  street  is  twenty  feet  or  less  in 
width;  exceeding  twenty  feet  in  width,  three  boxes  should  be 
used. 

The  work  of  filling  should  thus  be  carried  forward  in  line  until 
an  advance  of  from  fifteen  to  twenty  yards  has  been  made,  when 
the  same  force  and  appliances  shall  be  turned  back  and  cover  the 
same  space  again  in  like  manner,  except  that  the  mixture  for  the 
second  coating  may  be  slightly  thicker  than  the  first. 

To  avoid  the  possibility  of  too  great  thickening  at  any  point, 
there  should  be  a  man  with  a  large  sprinkling  can,  the  head  per- 
forated with  small  holes,  sprinkling  gently  the  surface  ahead  of 
the  sweepers.  This  should  be  done  in  the  application  of  each 
course  here  specified.  After  the  joints  are  thus  filled  flush  with 
the  top  of  the  bricks,  and  suflicient  time  for  evaporation  has  taken 
place,  so  that  the  coating  of  sand  will  not  absorb  any  of  the  mix- 
ture,  one-half  inch  of  sand  shall  be  spread  over  the  whole  surface, 
and  in  case  the  work  is  subjected  to  a  hot  summer  sun,  an  occa- 
sional sprinkling,  sufficient  to  dampen  the  sand,  should  be  fol- 
lowed for  two  or  three  days.  The  grouting  thus  finished  must 
remain  absolutely  free  from  disturbance  or  traffic  of  any  kind 
for  a  period  of  ten  days. 

If  a  high-grade  pavement  is  not  secnired  with  the  above  specifi- 
cations, the  chief  causes  of  failure  will  bo  found  to  be  one  or  more 
of  the  following : 

The  concrete  foundation  is  not  smoothly  finished. 

The  true  grade  is  not  maintained  by  the  concrete  surface. 

There  must  be  two  inches  of  sand  cushion. 

The  rolling  is  attempted  with  other  than  a  five-ton  steam  roller. 

The  rolling  is  often  so  slight  that  the  brick  stand  in  the  street 
without  support.  The  rolling  must  be  so  thorough  that  no  further 
compaction  can  be  possible. 

More  disaster  comes  to  a  brick  street  from  the  want  of  prop- 
erly applying  the  filler  than  from  any  other  cause. 

A  failure  to  comply  with  a  single  direction  will  easily  take 
away  five  years  of  life  of  a  street. 

Do  not  permit  a  greater  amount  of  filler  mixed  in  one  batch 
than  recoumiended — that  alone  will  spoil  the  job. 

85— Geology. 
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Let  the  man  with  the  scoop  take  the  mixture  from  the  lower 
side  of  the  box.  Have  the  man  that  stirs  the  mixture  stand  at 
lower  end  of  the  box.  Let  the  box  be  immediately  adjacent  to 
work.  The  man  with  the  scoop  should  move  but  three  or  four 
steps  at  most  from  the  box.  Never  allow  the  mixture  to  be  poured 
or  dumped  upon  the  street  from  the  box.  After  going  to  all  the 
trouble  to  get  a  street  that  will  last  a  generation,  do  not  leit  the 
cement  bond  bo  broken  bv  using  it  short  of  ten  days,  and  thus 
throw  away  half  your  money  before  you  spend  it. 

The  Perfect  Pavement, — The  requirements  which  shall  consti- 
tute a  perfect  pavement  have  been  well  summed  up  as  follows : 

First.     Reasonableness  in  first  cost. 

Second.    Low  in  cost  of  maintenance  and  easy  to  repair. 

Third.  Durabilitv  under  traffic  and  reasonable  freedom  from 
noise  and  dust. 

Fourth.    Free  from  decay,  waterproof  and  non-absorptive. 

Fifth.  Of  low  tractive  resistance  and  furnishing  a  good  foot- 
hold for  horses.* 

Suffice  it  to  say  that  such  a  pavement  has  never  as  yet  been  con- 
structed. The  nearest  approaches  to  it  are  those  of  vitrified  brick, 
made  from  just  such  shales  as  are  found  in  so  great  abundance  in 
southwestern  Indiana. 

Mr.  Louis  IT.  Gibson  has  well  expressed  the  facts  regarding 
the  l)est  kind  of  pavement  in  an  article  entitled  "Points  of  Per- 
fection in  Street  Pa^'emerits,"t  from  which  several  extracts  are 
herewith  quoted : 

"The  perfect  pavement,  like  the  perfect  man,  will  only  come 
with  the  millennium ;  but,  all  things  considered,  the  well-laid 
brick  pavement  comes  the  nearest  to  perfection  of  any  paving 
material  now  in  use.  From  the  viewpoint  of  durability  and  econ- 
omy, brick  pavements  certainly  are  best. 

The  American  asphalt  covering  has  been  tried  and  found 
wanting.  The  same  is  tnie  of  Avood  pavements,  for  no  amoiint  of 
creosoting  or  do<*toring  of  any  sort  can  make  wooden  block  dur- 
able as  a  paving  material.  Its  chief  point  of  merit  lies  in  its  being 
comparatively  noiseless,  but  this  illy  compensates  for  its  imsani- 


« Mead,  Daniel  W.,  Proc.9th  Ann.  Coiif.  Nat.  Brick  Manfs.  Ass'n.  1893,  34. 
t  Clay  Worker,  May,  19W. 
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tary  character  as  soon  as  decay  sets  in.  In  this  respect  it  is  the 
least  desirable  of  any  of  our  paving  materials.  The  ideal  pave- 
ment should  have  a  surface  which  affords  a  safe  foothold  for 
horses.  In  this  respect  macadam  excels,  but  it  is  so  lacking  in  the 
essential  quality  of  durability  and  so  insufferably  dusty  during 
dry  weather  and  muddy  in  wet  weather  that  it  cannot  be  consid- 
ered seriously  as  a  permanent  paving  material.  Brick  pavements, 
while  not  so  satisfactory  as  a  speedway  for  horses  as  macadam, 
are  less  objectionable  on  this  score  than  either  asphalt  or  wooden 
block,  for  hoi'ses  seldom  or  never  slip  on  a  brick  pavement. 

In  all  other  respects  brick  pavement  meets  all  of  the  condi- 
tions of  the  ideal  pavement.  It  is  as  enduring  as  time,  does  not 
originate  dust,  and,  being  non-absorbent,  is  a  sanitary  covering. 
It  is  an  absolute  protection  from  the  earth  below,  it  washes  clean, 
and  after  a  few  years  develops  a  gritty  surface  well  suited  to  the 
travel  of  horses.  It  is  easily  and  cheaply  cleaned  and  requires  a 
minimum  of  water  where  sprinkling  is  desirable,  because  it  is  non- 
absorbent. 

Altogether  there  are  five  distinct  and  imperative  steps  in  the 
construction  of  a  brick  pavement.  Should  there  be  a  failure  in 
any  one,  the  work  is  a  relative  failure.    They  are : 

First,  the  subgrade. 

Second,  the  concrete  base. 

Third,  the  sand  cushion. 

Fourth,  the  brick  and  their  application. 

Fifth,  the  filler. 

There  is  no  one  of  these  points  more  important  than  another. 
Each  is  imperative. 

One  authority  has  said  that  more  disaster  comes  to  a  brick 
street  from  the  want  of  a  proper  filler,  properly  applied,  than 
from  any  other  cause,  but  if  this  same  authority  be  followed  up 
the  same  expressions  in  regard  to  each  of  the  points  above  named 
will  be  heard.  The  fact  of  the  whole  business  is  that  there  is  no 
difference  in  importance  in  the  five  steps  above  named.  Each  is 
necessary  to  form  a  proper  integral  mass  and  an  ideal  pavement. 

There  has  been  a  constant  effort  to  get  rid  of  the  concrete  foun- 
dation, because  it  increases  the  expense  of  the  pavement.     Every 


548  REPORT    OF    STATE    OEOLOOIST. 

one  who  put  down  brick  pavements  in  the  beginning  of  their  use 
had  a  strong  underlying  impression  that  the  concrete  was  desir- 
able and  necessary,  but  in  each  case  the  individual  was  struggling 
against  his  sense  of  what  he  knew  to  be  right. 

After  it  had  been  discovered  that  concrete  was  desirable  for 
foundations,  'any  old  concrete'  was  used.  It  was  put  on  thin  on 
a  badly  prepared  sub-bed,  badly  mixed,  of  poor  cement,  unclean 
gravel  and  sand,  and  laid  with  little  regard  to  the  evenness  of  the 
surface.  Then  the  brick  were  placed  almost  directly  on  the  con- 
crete. It  took  some  little  time  for  the  people  and  the  engineers 
to  find  out  just  what  was  the  matter.    Now  they  know. 

If  any  one  will  show  a  pavement  constructed  without  the  con- 
crete foundation  it  will  be  found  to  need  excuses  and  explana- 
tions. The  people  who  pay  for  pavements  have  never  favored 
one  because  it  is  cheap.  There  is'  always  the  hope  of  getting 
something  better.  If  some  one  comes  along  with  a  pavement  that 
is  distinctly  better  than  anything  that  has  ever  been  presented  to 
the  pavement  building  world  before,  the  people  will  buy  it  at  a 
50  per  cent,  additional  cost.  The  pavement  building  world  moved 
directly  from  cheap  gravel  and  boulders  to  asphalt  and  block  pave- 
ment. They  grumbled  a  little  about  the  cost,  but  they  paid  out 
immense  sums  in  the  mere  hope  of  getting  something  better. 
The  block  pavements  have  been  replaced  time  after  time  at  a 
great  expense,  and  the  asphalt  pavements  have  been  patched  and 
resurfaced.  But  no  one  would  go  back  to  a  cheap  pavement 
•  merely  because  they  were  cheap.  It  should  be  the  business  of 
every  manufacturer  of  paving  brick  to  resist  any  effort  to  cheapen 
the  foundation  with  a  view  of  preserving  the  reputation  and 
increasing  the  sale  of  his  product. 

The  brick  pavement  is  the  most  practical,  the  most  economical 
known  today,  when  it  is  laid  right.  It  has  had  an  uphill  struggle 
to  attain  its  present  reputation,  and  was  held  back  for  years  more 
on  account  of  poor  foundation  than  for  any  other  cause.  But  now 
that  we  have  the  brick,  the  knowledge  of  how  to  apply  the  filler 
and  other  engineering  data,  the  whole  world  will  soon  come  to 
recognize  the  excellence  of  a  brick  covering." 
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In  order  to  gain  some  idea  of  the  extent  to  which  vitrified  brick 
have  been  used  for  street  paving  purposes  in  Indiana,  their  dura- 
bility and  the  general  satisfaction  which  they  give,  a  letter  was 
sent  to  the  city  engineer  of  each  city  in  the  State  where  brick 
pavements  are  in  use,  and  a  blank  was  etoclosed  to  be  filled  out 
and  returned. 

From  the  replies  received  the  following  table  has  been  compiled: 
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Paving  Briclc  Factories  of  Indiana. — Six  large  factories  in 
Indiana  are  now  engaged  exclusively  in  the  making  of  vitrified 
brick  or  block  for  street  paving  purposes.  Five  of  these,  viz.,  the 
Terre  Haute  Brick  &  Pipe  Co.,  at  Terre  Ilaute ;  the  Indiana  Pav- 
ing Brick  &  Block  Co.,  at  Brazil ;  the  Wabash  Clay  Co.,  at  Veed- 
ersburg;  the  Clinton  Paving  Brick  Co.,  at  Clinton,  and  the 
Evansville  Pressed  Brick  Co.,  at  Evansville,  are  using  the  Car- 
boniferous shales,  and  one,  the  Boston  Paving  Brick  Co.,  at  Craw- 
fordsville,  the  Knobstone  shale. 

The  plant  of  the  Boston  Company  is  the  newest  and  most  mod- 
ern one  of  the  six.  It  covers  about  six  acres,  and  consists  of  a 
boiler  house,  a  power  hoiise,  machine  room,  drier,  fan  house  and 
office,  all  with  brick  walls  and  slate  roofs,  so  that  no  insurance  is 
carried.  A  plentiful  water  supply  is  obtained  from  a  driven  well. 
209  feet  in  depth.  The  shale  used  comes  from  a  point  about  one 
and  a  fourth  miles  to  the  north,  and  has  been  described  in  a  pi^e- 
ceding  section,  on  page  M?>. 

On  arriving  at  tho  plant  tlie  cars  of  shale  stand  on  the  unload- 
ing track  above  the  dry  pan.  For  winter  operations  a  steaming 
house  has  been  constructed,  and  in  severe  cold  weather  a  car  of 
shale  is  stopped  in  the  steam  house,  heavy  canvas  curtains  at  the 
ends  are  drojiped,  and  a  jet  of  steam  is  forced  under  the  shale 
through  perforations  in  the  sides  of  the  car,  thus  thawing  out  the 
shale  in  readiness  for  shovelers  at  the  dry  pan  below.  The  larger 
pieces  of  shale  are  run  through  a  Jo|)lin  ore  crusher  and  then  con- 
veyed by  belt  conveyor  to  the  dry  pan. 

The  plant  is  equipped  with  I  Raymond  machinery  throughout, 
comprising  one  Raymond  9-foot  dry  ])an,  of  150  tons  daily  ca- 
pacity; a  "777'^  auger  stiff  mud  machine,  a  pug  mill.  Triumph 
cutter,  two  Victor  represses  iind  a  complete  (Kjuipment  of  steel 
single-deck  drier  cars. 

Power  is  derived  from  a  250-horsepovver  Bates-Corliss  engine 
and  200-horsepower  Chandler-Taylor  boiler,  fitted"  with  a  Jones 
under-feed  stoker.  A  steam  pressure  of  85  pounds  is  maintained. 
The  boiler  stack  is  of  brick  of  square  shape  and  50  feet  high. 
Both  forced  and  induced  drafts  are  used. 

The  drier  has  eight  tunnels  utilizing  waste  heat.  It  was  for- 
merly a  direct  heat  drier,  and  now  the  waste  heat  enters  the  for- 
mer fireholes,  passing  upward  into  and  through  the  drier  to  a  50- 


Down  the  Yard,  showing  the  30-toot  Kound  D^wa-dralt  Kilns. 


The  "  Setting"  tian;  and  (.'ar  of  (ire«n  Puston  Hlouk.  ready  to  set. 
TWO  VIEWS  AT  THE  PLANT  OF  THE  POSTON  PAVING  BRICK  COMPANY. 
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foot  brick  stack  at  the  upper  end.  From  30,000  to  35,000  10- 
pound  blocks  are  dried  in  24  hours.  Each  track  of  the  drier 
holds  15  cars,  and  each  car  337  blocks.  A  fivcrfoot  exhaust  fan 
is  used  at  one  end  to  draw  moisture  and  cause  circulation  in  the 
tunnel,  while  a  12-foot  fan  is  used  to  pull  the  hot  air  from  the 
kilns  and  force  it  through  the  tunnels  leading  to  the  drier.  This 
ptocess  is  begun  within  two  hours  after  the  burning  is  completed, 
and  a  saving  of  $10  a  day  for  fuel  over  the  old  method  of  drying 
by  direct  heat  is  thus  effected. 

The  burning  is  done  in  eight  30-foot  and  four  26-foot  round, 
down-draft  kilns.  Each  kiln  has  ten  22 -inch  fire  holes,  with  slant- 
ing grate  bars.  Burning  is  accomplished  in  eight  days,  and  no 
black-cored  brick  are  to  be  seen  on  the  yard.  More  care,  however, 
has  to  be  taken  in  burning  than  with  similar  wares  made  from  the 
Carboniferous  shales.  The  heat  cannot  be  varied  over  50  to  75 
degrees  without  causing  large  numbers  of  the  block  to  shrink, 
double  or  crack.  From  67  to  72  per  cent,  of  firsts  are  gotten 
from  each  kiln.  These  were  selling,  in  June,  1904,  at  $15  per 
thousand.  The  "seconds"  were  bringing  $9.00  for  rock-faced 
building  purposes,  and  the  company  at  that  time  were  600,000 
behind  in  its  orders  for  them. 

By  the  new  process  of  cooling  and  drying,  only  12  to  13  days 
are  required  from  the  time  the  shale  enters  the  dry  pan  until  the 
block  are  ready  to  load  on  the  car.  Coke  is  used  for  water-smok- 
ing and  Rosedale  scrt^eued  luiiip  coal,  costing  $1.94  per  ton  laid 
down,  for  burning,  about  one  and  a  third  tons  of  the  latter  being 
required  for  each  thousand  block.  Four  kilns  are  attached  to  one 
stack.  The  stacks  are  all  scjuare,  35  feet  high  and  webbed  about 
two-thirds  of  the  way  up. 

Work  is  carried  on  all  the  year  through  with  ease,  as  the  pecul- 
iar nature  of  the  material  is  such  that,  wet  or  dry,  hot  or  cold,  it 
remains  practically  the  same,  never  clogs  the  screens,  and  is  easily 
steamed  or  thawed  in  the  coldest  weather. 

Recent  tests  made  in  Kalamazoo,  Mich.,  Maywood,  111.,  and  St. 
Louis,  Mo.,  have  demonstrated  that  the  Poston  block  from  Knob- 
stone  shale  is  one  of  the  best  pavers  made  in  the  middle  West. 
The  results  of  the  St.  Louis  test,  made  October  7,  1902,  showed 
as  follows : 
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Results  of  Tests  made  on  Posion  Paring  Blocks  9x4j:3  1-2  Indies  in  Size  by  the  Test- 

ing  Department  of  the  St.  Ixfuis  Street  Commission, 

(a)  Number  of  brick  tested 32 

(b)  Impact   and  abrasion,   per   cent,   loss   (required  not 

more  than  iw  per  cent.) 1C.17 

(c)  Cross  breaking,  modulus  of  rupture  (required  not  less 

than  2,000  pounds  average) 2,910 

(d)  Absorption,  per  cent,  (allowed  4  per  cent,  in  48  hours).      3.73 

(e)  Specific  gravity  2.18 

Tests  of  the  crushing  strength  made  at  Purdue  Univei'sity  by 
Prof.  W.  K.  Ilatt  resulted  as  follows : 

Method  of  Test. — A  half  brick  was  t(»:<ted  on  edge  and  another 
half  brick  was  tested  on  its  face.  Both  samples  w*ere  bedded  in 
plaster  of  paris. 

ReMidfft. 

Crushing  strength  per 
SQ.  in.  of  bed. 

Half  brick  on  edge 13,600  pounds. 

Half  brick  on  face .•  14,540  pounds. 

The  results  here  given  show  that  under  the  proper  management 
vitrified  brick  of  the  highest  grade  can  be  made  from  the  Knob- 
stone  shale  of  Indiana. 

The  plant  of  the  Teri'e  Haute  Brick  &  Pipe  Co.  is  located  on 
the  west  side  of  the  Wabash  Kiver,  two  and  a  half  miles  north- 
west of  Terre  Haute.  The  material  used  is  from  the  noted  bed 
of  Carboniferous  shale  overlying  coal  VII  (see  page  160).  It  is 
dumped  into  chutes  leading  to  two  nine-foot  dry  pans,  so  that  but 
one  man  is  needed  to  each  pan.  From  there  it  is  elevated  to  a 
gravity  screen,  where  the  clay  from  the  two  pans  is  mixed.  The 
mixture  then  passes  through  a  12-foot  pug  mill  into  a  new  999 
Raymond  machine,  with  a  Raymond  rotary  automatic  cut-off  at- 
tached. Two  Bonnot  represses  are  used  Avlien  the  order  calls  for 
repressed  brick,  an  extra  charge  of  $1.00  per  thousand  being 
added  for  repressing.  Since  1902  the  waste  heat  process  of  dry- 
ing has  been  used,  the  company  being  the  first  one  in  Indiana  to 
adopt  this  system.  A  12-foot  American  blower  intake  fan  and  an 
8-foot  Crawford  &  McCrinunon  exhaust  fan  are  connected  with 
the  drier.  The  latter  is  a  110-foot,  ir)-track  timnel,  covered  with 
four  inches  of  concrete.  The  drying  cars,  210  in  number,  each 
hold  500  brick,  the  drying  being  done  in  36  hours.  The  burning 
is  done  in  tw^o  28-foot  and  13  30-foot  standard  round  down-draft 
kilns,  and  takes  from  nine  and  a  half  to  ten  days,  mine  run  coal 
from  the  company's  land  being  used  as  fuel. 


Hauling  ap  the  Sbaie. 


Louding  Brick  for  sblpment. 


PAVING   BRICK    PACTOBIES   OF  INDIANA.  666 

The  power  is  derived  from  a  400-horsepower  Bates-Corliss  en- 
gine and  battery  of  four  boilers.  Tlie  engine  is  set  on  a  founda- 
tion 14  feet  thick,  made  of  pavers.  All  the  machinery  about  the 
plant  is  well  adjusted,  so  that  there  is  little  noise  and  a  minimum 
of  unnecessary  wear. 

The  brick  made  by  the  company  are,  after  burning,  4x8^x2^ 
inches  in  size  and  weigh  seven  pounds.  About  70  per  cent.  No. 
1  brick,  which  are  sold  for  pavers,  are  gotten  from  each  kiln. 
They  bring  about  $15  per  thousand  for  block  and  $12.00  for  brick, 
while  the  seconds,  sold  for  foundation  and  superstructure  work 
purposes  bring  $9.75  and  $7.75  per  thousand.  The  brick  from 
this  factory  have  been  used  in  the  streets  of  many  of  the  cities 
and  larger  towns  of  Indiana,  Illinois,  Michigan  and  Ohio,  and 
have  given  eminent  satisfaction  wherever  tried.  They  bum  to  a 
handsome  dark  reddish  brown  color  on  the  surface,  while  within 
they  are  dark  cherry  red. 

That  these  brick  are  of  excellent  quality  is  shown  by  the  fol- 
lowing tests  made  by  Prof.  M.  A.  Howe,  of  the  Rose  Polytechnic 
Institute,  for  (leorge  II.  Simpson,  city  engineer  of  Terre  Haute, 
who  attempted  to  select  average  (not  the  best)  bricks  for  the  test. 
The  bricks  were  supported  on  rounded  knife  edges  six  inches  apart 
and  force  applied  through  a  knife  edge  acting  midway  between 
supports.  One  brick  with  a  cross  section  of  2,37x4  inches  and 
another  of  2.44x4  inches,  when  lying  on  the  side,  showed  a  cross- 
breaking  strength  of  2,030  and  2,240  poimds  per  square  inch, 
respectively.  In  another  test,  brick  from  the  same  factory  had  a 
breaking  strength  of  2,720,  2,780,  3,3G0,  1,820,  2,170,  2,310  and 
3,530  pounds  j)(»r  stjuare  inch.  A  brick  from  the  river  bottom 
clay,  subjected  to  the  same  test,  showed  a  cross-breaking  strength 
of  1,440  pounds  per  square  inch. 

Subjected  to  the  absorption  test,  brick  made  by  the  same  com- 
pany sliowed,  after  forty-eight  hours  in  water,  .7,  .7  and  .22  per 
cent,  of  absorption,  while  brick  from  the  alluvial  clay  showed  4.34 
per  cent.  Tliosc  tests  sliowed  that  the  Carboniferous  sliale  of 
Vigo  County,  overlying  coal  VII,  will  make  paving  brick  of  the 
highest  quality. 

The  plant  of  the  Indiana  Paving  Brick  Co.,  in  the  western 
suburbs  of  Brazil,  is  the  oldest  in  Indiana,  having  been  erected  in 
1801.     The  shale  used  in  making  their  product  (see  page  192)  is 
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dumped  either  from  railway  or  tram  cars  by  the  side  of  three  dry 
pans,  respectively  seven,  eight  and  nine  feet  in  size.  After  being 
ground  in  these  it  is  elevated  and  passed  over  two  15-foot  gravity 
screens  into  a  16-foot  pug  mill.  From  here  it  is  made  into  pavers 
on  a  Freese  auger  machine,  those  being  repressed  on  three  double 
repress  machines. 

The  drying  is  done  by  tlie  waste  heat  process,  this  being  substi- 
tuted for  the  old  steam  system  in  1903.  The  change  cost  about 
$5,000,  and  was  effected  by  rerooting  the  old  drier  with  concrete 
and  constructing  a  system  of  7-foot  underground  tunnels  between 
the  kilns  and  drier.  But  one  fan  is  used,  the  heat  and  moisture 
leaving  the  drier  through  flues  connected  with  eacli  double  track 
tunnel.  The  new  process  saves  at  least  $2,000  a  year  in  fuel. 
With  it  a  temperature  of  270  degrees  F.  is  readily  maintained. 
The  drying  is  accomplished  in  24  hours,  as  against  36  by  the  old 
process.  The  kilns  are  cooled  in  five  days,  whereas  it  formerly 
took  seven  to  eight  'days.  The  burning  is  accomplished  in  twenty 
28  and  30-foot  kilns,  which  hold  an  average  of  36,000  block  each. 
The  water-smoking  and  burning  occupy  12  days.  Seeleyville  bitu- 
minous lump  and  slack  coal  is  used,  the  former  costing  $1.35  and 
the  latter  75  cents  per  ton,  laid  down,  these  prices  prevailing  in 
July,  1904,  at  all  Brazil  factories  which  did  not  mine  their  own 
coal.  Two  cars  of  lump  at  the  kilns  and  ten  tons  of  slack  for  the 
boilers  represent  the  average  daily  amount  used.  Fifty  tons  of 
coal,  on  an  average,  are  re<|uired  in  burning  each  kiln  of  36,000 
paving  block.  Lake  Michigan  sand,  costing  $1.00  per  ton  at  the 
plant,  is  used  in  setting  the  brick,  a  forty-ton  car  lasting  six  weeks. 

The  plant  is  operated  with  a  150-horsepower  engine  and  bat- 
tery of  five  boilers.  By  forcing  a  mixture  of  steam  and  air  into 
the  furnaces,  much  of  the  smoke  is  consumed  and  a  saving  of  fuel 
effected.  About  100  men  are  employed  in  the  pits  and  at  the 
plant,  the  average  wage  running  about  $1.70  per  day.  The  aver- 
age output  of  the  factory  is  36,000  paving  block,  3^x4x9  inches 
in  flize,  per  day  of  ten  horn's.  When  green,  these  block  weigh  ten 
pounds;  after  burning,  nine  poimds  each. 

I'ests  of  the  burned  block,  made  by  the  testing  department  of 
the  St.  Louis  Street  Commission,  September  2,  1902,  resulted  as 
follows : 
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day.  This  output  averages  80  y)er  cent,  firsts,  which,  in  June, 
1004,  were  selling  for  $13.50  per  thousand.  The  seconds  are  sold 
mainly  for  rock-faced  building  purposes.  During  the  winter  sea- 
son about  half  a  million  special  sidewalk  brick  are  made,  which 
bring  $15.00  per  thousand  at  the  plant.  A  special  gutter  block, 
5x4x10  inches,  which  weigh  17  pounds  each,  are  also  made  as 
ordered.  The  storing  sheds  hold  shale  enough  for  only  four 
days'  run,  yet  during  the  severe  winter  of  1003-4  but  one  day  was 
lost.  About  110  men  are  employed,  mostly  by  piecework,  making 
an  average  of  about  $1.75  per  day.  Burners  receive  $2.10  per 
day  of  12  hours. 

Hundreds  of  millions  of  Poston  and  Culver  bl(K*k  from  the  fac- 
tory of  the  Wabash  Clay  Co.  have  been  used  in  the  cities  and 
towns  of  Indiana,  Illinois  and  Michigan  during  the  past  ten  years. 
Everywhere  they  have  given  the  best  of  satisfaction,  and  they  are 
generally  recognized  as  a  standard  material  for  paving  purposes. 

The  plant  of  the  Clinton  Paving  Brick  Co.  was  erected  in  1893, 
a  short  distance  northwest  of  Clinton,  Vermillion  County.  The 
shales  used  have  been  already  described  (see  page  147).  They 
are  hauled  by  tram  car  from  the  pit  and  dumpe<l  by  the  side  of  a 
0-foot  dry  pan.  After  grinding  the  material  is  elevated  and 
passed  over  a  12-foot  rotary  scre^^n.  From  this  it  enters  a  0-foot 
pug  mill  and  is  then  made  into  pavers  on  a  Pentield  Ko.  10  side- 
cut  auger  machine,  with  automatic  cut-off  attached.  Two  Colum- 
bia represses  are  in  use,  after  passing  through  which  the  blo<*k  are 
dried  by  waste  heat  in  a  progressive  drier  containing  two  five- 
track  tunnels  holding  15  cars  each,  the  drying  taking  about  24 
houi*s.  Ten  days  are  required  for  the  burning,  which  is  done  in 
square  Eudaly  down-draft  kilns,  eight  of  which,  holding  00,000 
blcK'k  each,  are  in  use. 

The  daily  output  of  the  plant  averages  31,000  block,  32x4x0 
inches  in  size.  These  are  tough,  compact  blo<»k,  neither  brittle  nor 
^'glassy,"  and  with  a  much  smoother  surface  than  is  usually  seen 
in  similar  wares.  For  eleven  years  these  block  have  been  sold  in 
the  leading  towns  and  cities  of  Indiana,  Michigan  and  Illinois, 
and  have  everywhere  given  the  best  of  satisfaction.  Many  of  the 
places  have  laid  pavements  of  the  Clinton  brick  or  block  in  three 
or  more  different  years.  For  example,  streets  in  Lafayette,  Ind., 
were  paved  with  these  block  in  1805,  1806,  1807,  1800,  1000  and 
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1901.  This  in  itself  is  sufficient  to  prove  the  esteem  in  which 
the  block  are  held  wherever  they  have  once  been  used. 

The  plant  of  the  Evansvill©  Pressed  Brick  Co.,  which  is  now 
making  only  pavers  from  the  shale  described  on  page  311,  is 
situated  in  the  northwestern  environs  of  the  city  of  Evansville. 
The  shale  is  hauled  from  the  pit  in  wagons  and  either  stored  in 
sheds  or  dumped  by  the  side  of  a  9-foot  dry  pan.  The  sheds  hold 
enough  to  run  two  and  a  half  months,  and  are  usually  filled  for 
winter  use.  After  grinding,  screening  and  pugging,  the  pavers 
are  made  on  a  Chambers  end-cut  auger  machine,  with  automatic 
cut-off  attached,  and  repressed  on  two  Penfield  represses.  The 
drying  occupies  48  hours,  and  is  done  in  two  4-track  progressive 
tunnels  by  steam. 

Burning  is  done  in  six  square  down-draft  kilns,  holding  about 
90,000  each,  and  requires  11  to  12  days.  Evansville  mine  run  and 
pea  and  slack  coal,  costing  from  $1.00  to  $1.25  per  ton,  is  used  as 
fuel.  An  Atlas  90-horsepower  engine  and  battery  of  three  boilers 
furnishes  the  power.  About  75,000  No.  1  street  brick  are  secured 
from  each  kiln.  These  were  sold  in  1904  for  $12.00  per  thou- 
sand f .  o.  b.  at  the  plant.  The  seconds  are  mostly  used  for  alleys 
and  sidewalks,  and  bring  $9.00  per  thousand.  The  brick  made  by 
this  company  are  sold  mostly  in  southern  Illinois  and  in  the  cities 
along  the  Ohio  Eiver.  Wherever  used  they  have  proven  tough 
and  durable,  and  have  given  the  best  of  satisfaction. 

In  addition  to  the  paving  brick  factories  already  described, 
another  completed  in  1904  is  ready  for  operation,  namely,  that  of 
the  Veedersburg  Clay  Co.,  at  Veedersburg,  Fountain  County. 
The  plant  is  well  equipped  with  machinery,  mainly  that  of  the 
Bonnot  Co.,  of  Canton,  Ohio,  consisting  of  two  9-foot  dry  pans, 
oscillatory  double  screen,  "Dewey"  stiff  mud  side-cut  auger  ma- 
chine, with  automatic  cut-off;  two  double  represses  and  160 
double-deck  steel  cars.  Drying  will  be  done  by  waste  heat  in  an 
eight-tunnel  drier  and  burning  in  twelve  28-foot  round  down-draft 
kilns.  A  200-horsepower  June  engine  furnishes  the  power.  The 
output  will  consist  of  vitrified  paving  and  sidewalk  brick  and  ordi- 
nary stiff  mud  building  brick  made  from  shale. 

The  following  table  has  been  prepared,  which  gives,  in  con- 
densed form,  the  principal  statistics  of  the  paving  brick  factories 
at  present  operating  in  Indiana : 
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11.     The  Manufacture  of  Sewer  Pipe  axd  Kixdred  Hollow 

Wares. 

Under  this  head  is  inchided  the  making  of  sewer  pipe,  conduits, 
hollow  building  brick  and  block,  chimney  tops,  flue  linings,  terra 
cotta  lumber,  fireproofing,  vitrified  drain  tile  and  all  hollow  prod- 
ucts of  similar  grade.  Of  the  wares  mentioned,  the  sewer  pipe, 
conduits  and  hollow  building  brick  are  vitrified  in  the  making. 
The  others  are  burned  at  a  lower  temperature,  generally  for  a 
shorter  time,  and  are  not  salt-glazed,  as  are  the  vitrified  products. 

With  the  exception  of  the  terra  cotta  lumber  and  fireproofing 
industry,  which  use  silty  or  marly  surface  clays,  the  clays  used  are 
the  same  as  for  making  paving  brick,  i.  e.,  mainly  the  under-clays 
and  shales  of  the  Coal  Measures.  Tn  the  beginning  of  the  hollow 
goods  industry  in  Indiana  only  the  under-clays  were  used,  but  as 
the  business  increased  it  was  found  that  wares  made  of  the  shales 
were  of  excellent  grade,  and  that  there  is  less  loss  in  drying  and 
burning  than  where  similar  products  are  made  of  under-clays 
exclusively.  As  a  result,  most  of  the  newer  factories  have  util- 
ized the  shales,  so  that  of  the  16  factories  now  in  operation,  eight 
use  shales,  six  principally  under-clays,  and  two  silty  or  marly 
clays. 

The  securing  and  preparation  of  the  clays  for  making  hollow 
goods  is  by  essentially  the  same  processes  as  those  used  in  the 
making  of  paving  brick  (see  page  527).  The  wet  pan  is  most 
used  in  tempering,  and  the  latter  process  is,  therefore,  more  thor- 
ough than  can  be  accomplished  in  a  pu^  mill. 

A  machine  known  as  the  sewer  pipe  press  is  the  one  universally 
used  in  the  making  of  sewer  pipe  and  also  for  many  kinds  of  hol- 
low wares.  It  is  a  modification  of  the  "plunger"  brick  machine 
previously  mentioned,  and  consists  of  two  cylinders  placed  up- 
right, one  above  the  other,  and  separated  by  a  heavy  cast-iron 
frame,  to  which  the  cylinder  heads  are  bolted.  The  upper  or 
steam  cylinder  is  usually  40  inches  in  diameter,  and  the  lower,  or 
clay  cylinder,  18  inches.  The  piston  rod  is  made  either  single  or 
triple,  and  is  continuous  from  the  clay  piston  to  the  steam  piston. 
The  clay  piston  is  a  cast-iron  head,  which  can  be  replaced  easily 
when  worn.     Steam  pressure  is  used  in  operating  the  machine, 
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and  is  controlled  by  a  lever  from  the  level  of  the  working  plat- 
form. 

Seven  or  eight  men  constitute  the  "press  gang"  necessary  to 
operate  the  machine  and  remove  the  pipe  as  fast  as  made  to  the 
dry  floors.  The  size  of  the  sewer  pipe  varies  from  four  inches 
in  diameter  to  36  inches,  or  even  larger,  but  the  sizes  most  used 
range  from  8  to  20  inches.  As  fast  as  made  they  are  cut  to  the 
desired  length,  and  each  is  set  upright  on  a  wooden  pallet  of 
appropriate  size.  These  pallets  are  then  placed  on  trucks  and 
taken  to  the  dry  floors. 

The  drying  of  sewer  pipe  is  almost  wholly  accomplished  on 
what  is  known  as  "sewer  pipe  floors,"  by  means  of  steam.  These 
floors  vary  much  in  size,  according  tp  the  output  of  the  factory, 
and  are  usually  three  or  four  in  number,  one  above  another. 
They  are  slatted  or  open,  and  the  steam  pipes  are  arranged  be- 
neath the  lower  one  or  two.  The  largest  pipes  are  placed  on  the 
lower  floor.  Exhaust  steam  from  the  engine  and  presses  is  used 
by  day  and  direct  steam  by  night.  The  process  is  necessarily  a 
slow  one,  else  many  of  the  pipe  w^ould  crack.  Those  made  from 
shale  are  much  less  apt  to  crack  while  drying  than  those  irom 
under-clay. 

Sewer  pipe  are  burned,  for  the  most  part,  in  round,  down-draft 
kilns,  and  the  process  is  essentially  the  same  as  that  described 
under  paving  brick,  except  that  much  less  time  is  required,  owing 
to  the  thin  sections  of  clay  to  be  vitrified.  For  small  pipe  three 
days  is  usually  sufficient,  and  for  the  larger  four  and  a  half  to  five. 
The  pipe  are  usually  glazed  by  the  addition  of  small  quantities  of 
packing  house  salt  to  the  fuel  during  the  last  stages  of  burning. 
This  glazing  is  done  to  secure  smoothness  of  surface  and  a  dark 
color.  The  color  makes  little  or  no  difference  in  the  quality  of 
the  pipe,  but  they  are  largely  graded  according  to  it.  Prof.  Orton 
has  well  said :  "The  system  of  grading  sewer  pipe  is  unnecessarily 
severe.  For  any  ordinary  use  the  seconds  are  as  good  as  the 
firsts.  It  is  not  the  convsumcr  who  profits  by  the  severity  of  selec- 
tion; it  is  the  middlemen  or  retailers,  who  buy  the  seconds  at  low 
rates  and  work  them  off  on  the  public  as  first-class  goo^Is,  which, 
for  any  matter  of  service  and  utility,  they  are."* 

*"  Ohio  Geol.  Sarv.,  VII,  214. 
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The  Sewer  Pipe  Factories  of  Indiana. — ^Five  factories  are 
at  present  engaged  in  making  sewer  pipe  in  Indiana.  Of  these 
the  largest  is  that  of  the  William  E.  Dee  Clay  Manufacturing  Co., 
located  at  Mecca,  Parke  County.  The  clays  used  at  this  factory 
have  been  described  on  page  116.  Two  distinct  factories  are 
operated  at  Mecca  by  the  Dee  company.  At  the  older  one,  erected 
in  1894,  the  clay  is  hauled  from  the  pit  in  tram  cars  by  horse- 
power and  is  dumped  by  the  side  of  the  two  dry  pans.  After 
grinding  it  is  elevated  an^d  descends  into  three  wet  pans,  where  it 
is  tempered  for  40  minutes.  From  these  it  is  passed  to  the  sewer 
pipe  presses,  two  in  number.  The  size  of  pipe  ranges  from  three 
to  24  inches.  Three  steam-heated  floors,  80x208  feet,  are  used  for 
drying,  the  length  of  timo  varying,  according  to  the  size  of  the 
pipe,  from  one  to  five  days.  The  burning  is  done  in  15  28-foot 
and  six  32-foot  round  down-draft  kilns,  the  kiln  capacity  being 
sufficient  to  turn  two  kilns  a  day,  with  one  kiln  laid  off  for  any 
necessary  repairs.  From  three  and  a  half  to  four  carloads  of 
sewer  pipe  are  gotten  from  each  kiln,  the  daily  output  being  about 
seven  carloads.  From  350  to  400  20-inch  pipe  can  be  made  on 
the  larger  Taplin-Riee  press  each  day.  An  average  of  85  per  cent. 
No.  1,  10  per  cent.  Xo.  2  and  5  per  cent,  culls  is  gotten  from  each 
kiln  burned.  Salt  for  glaring  the  outside  of  the  pipe  is  secured 
in  carload  lots  from  the  J^Tational  Salt  Co.,  of  Michigan. 

The  larger  sewer  pipe  are  made  wholly  from  shale,  the  smaller 
from  a  mixture  of  one-third  under-clay  and  two-thirds  shale.  At 
the  old  plant  flue  linings,  chimney  tops,  wall  coping,  sewer-pipe 
traps,  etc.,  are  molded  from  under-clay.  On  account  of  a  strike  in 
the  winter  and  spring  of  1904  the  output  of  the  old  factory  for 
the  year  was  much  less  than  in  1003,  when  it  was  valued  at 
$171,271. 

The  new  factory,  about  150  yards  south  of  the  old,  was  erected 
in  1904,  and  was  not  yet  in  o])eration  at  the  time  of  my  visit  in 
October,  but  was  fully  equipped.  It  consists  of  a  main  building, 
with  three  floors,  80x192  feet,  for  drying;  an  annex,  60x100  feet, 
for  machinery,  and  a  j)ower  house  of  hollow  block,  50x75  feet, 
for  engine  and  boiler.  The  waste  heat  process  of  drying  will  be 
used,  the  heat  entering  beneath  the  lower  floor  and  passing  up- 
ward. This  will  be  the  fii-st  time  such  process  of  drying  sewer 
pipe  has  been  used  in  the  State. 
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The  machinery  in  place  was  secured  from  the  TapHn-Rice  Co., 
and  consists  of  two  9-foot  dry  pans,  two  7-foot  wet  pans  and  a 
sewer  pipe  press,  on  which  three  to  24-inch  pipe  can  be  made.  An 
auger  brick  machine  will  also  be  installed  for  making  small-sized 
glazed  drain  tile  and  firoproofing.  A  3 50 -horse power  Corliss  en- 
gine a'nJ  battery  of  three  boilers  will  furnish  the  power.  Water 
from  Kaccoon  Creek  is  pimii>ed  to  both  factories  by  the  C.  &  E.  I. 
Kailway  Co.  The  burning  at  the  new  factory  will  be  done  in  ten 
30-foot  round  down-draft  kilns,  t'osting  $2,250  each.  These  are 
lined  and  floored  with  Evans  &  Howard  (St.  Louis)  fire  brick,  the 
lining  costing  $22.50  and  the  flooring  $44.00  per  thousand.  Simp- 
.  son  fire  brick,  from  near  Carbon,  Clay  County,  are  used  in  the 
bags  of  the  kilns. 

The  Dee  plants  combined  form  the  largest  clay  industry  in  In- 
diana and  the  largest  sewer  pipe  factory  west  of  Akron,  Ohio. 
The  wares  are  shipped  mostly  to  Chicago  and  from  there  dis- 
tributed to  all  parts  of  the  middle  AVest. 

At  the  plant  of  the  American  Sewer  I'iixt  Co.,  located  one  mile 
northwest  of  Brazil,  Clay  County,  the  clay  used  h  dum]>ed  from 
a  tramway  leading  from  the  tipple  of  the  mine  shaft  close  by  the 
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9-foot  dry  pans.  From  the  latter  it  is  elevated  and  passed  over  a 
2x2  6-foot  gravity  screen  into  bins,  from  which  it  goes  to  a  pug 
mill  or  wet  pan.  After  tempering,  it  is  elevated  to  the  third  floor, 
where  it  enters  one  of  two  Stevenson  sewer  pipe  presses,  from  two 
to  eight-inch  pipe  being  made  on  one  and  9  to  24-inch  on  the 
other.  The  drying  is  done  on  three  steam-heated  floors,  each  80x 
200  feet  in  size,  and  occupies  from  36  hours  to  five  days,  depend- 
ing on  the  weather  and  the  size  of  the  pipe.  The  dried  pipe  are 
tmcked  to  the  doors  and  from  there  transferred  by  "gigs"  to  the 
kilns.  The  latter  are  14  in  nimiber,  ranging  from  30  to  33  feet  in 
size.  The  burning  occupies  three  to  five  days.  The  plant  is 
operated  with  a  250-horsepower  Corliss  engine  and  battery  of 
three  boilers.  For  further  information  regarding  the  clays  used 
and  wares  produced  by  this  company  see  page  191. 

At  the  plant  of  the  Chicago  Sewer  Pipe  Co.,  one  mile  south- 
west of  Brazil,  the  clay  used  (see  page  194)  is  hauled  by  tram 
car  up  an  inclined  plane  and  dumped  by  the  side  of  a  9-foot  dry 
pan.  From  this  it  goes  through  two  7-foot  wet  pans  and  is  made 
into  pipe  on  a  Barker  sewer  pipe  press.  One  thousand  18-inch 
or  1,800  12-inch  pipe  are  made  each  day.  Three  dry  floors, 
heated  by  exhaust  steam,  each  96x212  feet,  are  used  in  drying, 
the  process  taking  from  three  to  five  days,  according  to  size  of 
pipe.  Ten  30-foot  and  two  32-foot  standard  down-draft  kilns  are 
used  for  burning.  From  10  to  11  days  are  necessary  to  turn  a 
kiln,  i.  e.,  to  set,  burn,  cool  and  empty. 

One  kiln  of  sewer  pipe  is  burned  each  working  day  in  the  year, 
about  60  tons  of  clay  being  used  in  their  making.  Twelve  differ- 
ent sizes  of  the  pipe  are  made,  ranging  from  3  to  24  inches  in 
diameter.  The  coal  used  in  their  burning  is  Seeleyville  bitumi- 
nous coal.  It  is  not  as  good  as  block  coal  for  the  purpose,  as  it 
contains  a  higher  percentage  of  sulphur,  which  is  apt  to  be  harm- 
ful to  the  glaze.  Twenty-three  tons  of  coal  are  necessary  to  bum. 
each  kiln  of  sewer  pipe,  the  burning  occupying  fiA^e  days.  The 
factory  is  run  to  its  full  capacity,  and  almost  the  entire  output  is 
shipped  to  Chicago,  the  demand  being  at  all  times  greater  than 
the  supply. 

The  oldest  sewer  pipe  factory  in  Indiana  is  that  of  Mrs.  A.  D. 
Clark,  at  Cannelton,  Perry  County.  It  was  established  in  1862, 
but  for  the  past  few  years  has  been  run  only  on  a  small  scale  (see 
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pftge  334),  The  clav  is  liaulcfl  by  wa^ii  and  is  nin  through  a 
"chaser,"  or  modified  wet  pan,  without  previous  grinding.  From 
the  chaser  it  is  pa.-sod  through  a  press  made  by  Mr.  Clark.  The 
pipe  made  run  from  3  to  IS  inches  in  size.  The  clay  is  fed  into 
the  machine  by  liaiid,  and  but  lilO  IS-inch  piiw  can  be  made  in  a 
day.  Drying  is  done  <m  two  floors,  partly  by  steam.  The  biirninj^ 
takes  four  days,  two  round,  down-draft,  30-foot  kilns  l>eing  used. 
One  of  these  kilns  is  line<i  with  fire  briek  made  by  the  Hunting- 
burg  Pressed  Brick  Co.  Ulock  coal,  from  Kvaston,  costing  $1.87 
per  ton  laid  down,  is  used  for  fuel.  Only  eight  men  are  em- 
ployed, and  three  to  four  kilns,  valued  at  $1:25.00  each,  burned 
each  month.  The  surface  of  the  sewer  pijies  made  is  glazed  with 
salt,  and  becomes  a  light  reddish  brown  in  <'olor.  The  pipes  are 
hard,  clo.se-grained,  very  strong,  perfect  in  fonn,  and  free  from 
cracks  and  flaws.     They  are  nuirketed  mostly  in  Evansville, 

The  making  of  hollow  building  blo<'k  Im  rapidly  assuming  large 
])roportions  in  western  Indiana.  Vive  large  fact<)ries  ore  now  in 
operation,  in  which  these  blotrk  form  the  s]>e^'ia]  output.  These 
block  are  plain  scctii>ns  of  a  sipuire  hollow  bar.  Their  standard 
size  is  HJxHJxlG^  inches,  with  the  hollow  iwrtion  cross-webbed 
to  give  thorn  additional  strength.  One  thousand  hollow  block  of 
the  size  mentioned  are  e<pial  to  10,000  common  brick  in  solid  wall 
moasure.  Many  special  shapes  arc  also  made  by  the  larger  fac- 
tories. They  can  l>c  made  by  either  the  augur  or  plunger  brick 
machines  or  in  a  sewer  pipe  pri'ss,  and  ore  dried  on  dry  floors  or 
in  progressive  tunnel  driers. 

The  advantages  claimed  for  hollow  block  over  ordinary  brick 
of  stone  for  building  purpo.-es  are  as  follows : 


HolJow  Block  made  from  Sbaie,    The  .Single  Uluck  "  Kock-laced." 


KeslUeuce  constructed  o(  Rock-laced  Hollow  Block, 


QralD  Elevator  a1 
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1.  Cheapnees,  costing  less  than  either  brick  or  stone. 

2.  Being  thoroughly  vitrified,  they  do  not  absorb  any  moisture 
and  always  make  a  dry  wall. 

3.  Being  hollow,  they  are  more  healthful  for  dwelling  houses; 
warm  in  winter  and  cool  in  summer. 

4.  Make  a  stronger  foundation,  as  each  brick  will  stand  a 
weight  o£  more  than  100,000  pounds. 

5.  As  all  ware  is  vitrified,  the  walls  will  always  keep  clean,  and 
will  not  become  dingy,  as  cut  stone  and  brick  usually  do, 

A  handsome  rock-faced  tile  for  foundation  work  alxjvo  gronnd 
is  also  made  by  several  of  the  factories. 

Fine  linings  are  made  somewhat  lik* sewer  pipe,  but  always 
out  of  under-clay.  The  clay  is  ground,  screened,  mixed  and  then 
fed  into  a.  machine  similar  to  the  sewer  pipe  press.     The  pieces 


Fig.  l.'i.    t'lue  Lining  made  from  Sbale  or  Under-clay. 

are  then  driwl  and  burned,  but  arc  not  salt-glnzcd  like  the  sewar 
pipe  and  are  not  colored,  but  have  a  light  buff  or  cream  color. 
They  are  made  in  sc^'tions  about  the  same  length  as  sewer  pipe, 
and  are  of  different  shapes,  hut  the  most  comniim  form  has  a  rec- 
tangular cross  section,  with  the  corners  rounded,  especially  on  the 
inside.  These  are  placed  one  on  top  of  anothor  the  desired  height 
of  the  flue  and  a  row  of  bricks  built  around  tlioui.  They  have  the 
appearance  from  the  outside  of  a  common  brick  chimney,  hut  give 
a  larger  inside  space  in  proportion  to  the  outside  than  the  com- 
mon flue.  It  is  also  smootlior,  the  inside  having  fewer  projec- 
tions to  catch  the  snot ;  it  is  at  the  same  time  safer,  as  there  is  less 
possibility  of  flames  or  sparks  getting  through  them  than  through 
the  common  brick  chimney. 
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The  Hollow  Block  and  Conduit  Factories  of  Indiana. — The 
largest,  newest  and  most  modern  Indiana  factory  for  making  hol- 
low block  and  kindred  wares  is  that  of  the  Ayer-McCarel  Clay  Co., 
erected  in  1902,  about  a  mile  and  a  half  north  of  Brazil,  Clay 
Coimty  (see  page  188).  The  under-clay  used  is  hauled  up  an 
incline  by  steam  power  and  dumped  in  sheds  by  the  side  of  a 
crusher,  through  which  it  is  passed  before  entering  the  dry  pans. 
The  plant  is  equipped  with  American  Clay  Working  Co-'s  ma- 
chinery, as  follows :  Two  9-foot  dry  pans,  two  10-foot  horizontal 
pug  mills,  one  No.  40  hollow  ware  auger  machine,  one  No.  2 
Giant  auger  machine. 

The  drying  is  done  %.  24  hours  in  a  progressive  eight-track 
tunnel  drier,  110  feiet  in  length,  of  the  company's  design,  the 
waste  heat  process  being  used.  Wares  made  one  day  are  set  the 
next,  the  only  expense  for  drying  being  for  the  steam  necessary  to 
run  the  12-foot  intake  fan,  the  moisture  and  cooled  air  passing 
out  through  flues.  The  average  time  of  burning  is  96  hours, 
this  being  accomplished  in  ten  30-foot  standard  round  down-draft 
kilns.  The  yard  was  laid  out  for  24  kilns,  and  additional  ones  will 
be  added  from  year  to  year.  The  power  is  f urished  by  an  AUfree 
250-horsepower  engine  and  two  tubular  boilers,  72x16  feet  in 
size.  A  Chandler  &  Taylor  engine  is  used  in  running  a  dynamo 
to  light  the  factory  and  office  and  to  pump  the  water  supply  from 
the  deep  well  on  the  grounds.  A  repair  room,  where  dies,  etc., 
are  kept  and  repaired,  and  a  handsome  office  building,  equipped 
with  all  modem  conveniences,  are  adjuncts  of  this  up-to-date  fac- 
tory. 

The  principal  wares  made  by  the  Ayer-McCarel  Co.  are  hollow 
building  block  of  various  sizes  and  shapes,  conduits  and  radiant 
chimney  block.  Since  beginning  operations,  in  February,  1903, 
the  demand  for  these  wares  has  exceeded  the  output,  the  ship- 
ments being  made  in  all  directions  within  a  radius  of  600  miles. 

At  the  plant  of  the  Weaver  Clay  &  Coal  Co.,  one  mile  north- 
east of  the  center  of  Brazil,  the  clay  (see  page  184)  is  delivered 
by  tram  cars  to  the  side  of  the  dry  pan.  From  here  it  passes 
over  an  eight-foot  shaking  screen  into  a  pug  mill,  where  it  is  tem- 
pered with  salt  water  from  the  deep  well  on  the  yard.  After 
tempering  it  is  made  up  on  a  Little  Giant  auger  machine  and  dried 
by  steam  on  regulation  sewer  pipe  floors  for  an  average  of  two 
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days.  The  burning  is  done  in  eight  round  down-draft  kilns,  26  to 
30  feet  in  size.  Power  is  furnished  by  a  160-horsepower  McEwan 
engine,  while  a  small  engine  is  used  in  connection  with  a  dynamo 
for  electric  lighting  and  pumping. 

The  Weaver  Clay  &  Coal  Co.  has  the  reputation  of  making  one 
of  the  best  rock-face  hollow  building  blocks  on  the  market.  They 
make  also  drain  tile  and  for  more  than  30  years  have  made  "stone 
pumps."  The  entire  pump,  except  the  handle,  bolts  and  suckers, 
is  made  of  vitrified  fire  clay.  These  stone  pumps  are  guaranteed 
to  last  for  ten  years,  and  a  number  about  ]^i-azil  have  been  in  use 
for  30  years,  and  are  none  the  worse  for  wear.  They  are  fitted  up 
and  put  in  the  well  for  $8.00  for  the  first  ten  feet  and  25  cents  for 
each  additional  foot. 

At  the  plant  of  the  Excelsior  Clay  Works,  a  mile  and  three- 
quarters  northeast  of  Brazil,  the  clay  and  shale  used  (see  page 
187)  is  hauled  in  tram  cars  up  a  steep  incline  and  dumped  in 
sheds  by  the  side  of  a  Bonnot  l)-foot  dry  pan.  After  being  ground 
it  passes  over  a  2xlG-foot  gravity  screen  and  is  tempered  in  a  pug 
mill.  From  here  it  goes,  according  to  the  ware  desired,  either 
through  a  lloosier  brick  or  a  Penfield  auger  machine.  If  made 
into  vitrified  brick  the  latter  are  repressed  on  a  Penfield  repress. 
Drying  is  done  by  steam  in  a  seven-track,  135-foot  progressive 
tunnel  drier,  the  hollow  block  being  dried  in  24  and  the  paving 
brick  in  48  houi*s.  The  wares  are  burned  in  nine  26-foot  down- 
draft  kilns,  the  hollow  ware  requiring  four  to  five  days  and  the 
paving  brick  ten  to  twelve  days. 

The  Excelsior  Company  makes  a  variety  of  products,  including 
vitrified  brick  and  drain  tile,  hollow  block,  conduits,  flue  liiaings, 
sidewalk  and  cellar  pavers  and  common  brick.  Their  wares  have 
a  wide  distribution,  and  have  given  excellent  satisfaction  wher- 
ever tried. 

The  new  plant  of  the  Continental  Clay  &  Mining  Co.,  two  and 
a  half  miles  southeast  of  Brazil,  is  equipped  throughout  with 
machinery  made  by  the  American  Clay  Working  Machinery  Co. 
The  building  is  of  three  stories,  constructed  of  hollow  block.  The 
clay  used  is  dumped  from  tram  cars  by  the  side  of  a  9-foot  dry 
pan.  From  this  it  is  elevated  and  passes  over  two  18-foot  gravity 
screens  into  a  bin.  On  leaving  the  latter  it  is  again  elevated  to  a 
pug  mill  on  the  third  floor.    From  here  it  descends  int6  a  Giant 
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auger  machine,  on  which  5,000  hollow  block,  8x8x16  inches,  are 
made  each  day.  The  drying  is  done  in  18  to  24  hours  by  waste 
heat,  the  tunnels  from  the  kilns  being  so  constructed  as  to  allow 
the  heat  to  pass  beneath  each  of  the  three  floors,  60x40  feet  in 
size.  Each  floor  holds  5,000  standard  hollow  block.  The  burning 
requires  72  to  96  hours,  and  is  done  in  eight  32-foot  round^  down- 
draft  kilns,  with  open  bottoms,  each  kiln  holding  5,500  hollow 
block.  These  kilns  are  lined  wdth  Montezuma  fire  brick,  and  four 
kilns  are  connected  with  one  stack,  the  latter  being  built  of  clay 
conduits.  The  finished  wares  on  the  yard  in  September,  1904, 
appeared  to  be  of  fine  quality,  and,  with  the  excellent  raw  mate- 
rial anjd  fuel  at  command,  there  is  little  doubt  but  that  the  new 
company  will  meet  with  unqualified  success. 

One  of  the  largest  hollow  ware  factories  of  the  State  is  that  of 
the  McRoy  Clay  Works,  located  a  mile  and  a  half  northwest  of 
Brazil.  Here  the  principal  wares  made  are  electric  conduits  and 
hollow  building  block.  The  main  building  is  four  stories  high 
and  constructed  of  hollow  block.  The  under-clay  used  (see  page 
196)  is  mined  through  a  shaft,  located  but  a  short  distance  from 
the  main  building,  and  dumped  by  the  side  of  one  eight-foot  and 
two  nine-foot  dry  pans.  After  elevating  and  screening,  it  is  tem- 
pered in  pug  mills,  four  of  which  are  in  use,  and  then  made  up  on 
two  Centennial  and  two  Giant  brick  machines.  The  drying  is 
done  in  31  steam-heated  dry  rooms,  the  main  l)uilding  being 
chiefly  devoted  to  this  purpose.  Each  room  has  close-fitting  iron 
doors,  and  from  two  to  five  days  are  required  to  di'y  tlie  wares. 

In  buraing  the  output  of  the  factory  29  round,  do\vn-drafl 
kilns,  26  to  32  feet  in  size,  are  used.  The  conduits  are  burne<l 
120  and  the  other  wares  96  hours.  The  plant  is  operated  by  elec- 
tricity, generated  by  a  450-horseix>wer  Buckeye  engine  and  a  bat- 
tery of  five  boilers  used  in  connection  with  a  300-kilowatt  general 
electro  generator.  Blacksmith  and  carpenter  shops  arc  operated 
in  connection  with  the  plant  and  a  handsomely  equipped  office 
forms  one  of  the  adjuncts. 

The  conduits  made  at  the  Mclioy  Works  are  mostlv  three  feet 
in  length  and  of  four  styles,  viz.,  two,  three,  four  and  six  ducts, 
each  duct  being  throe  and  a  quarter  inches  square.  The  four  and 
six-duct  styles,  which  are  most  extensively  used,  are  also  made  in 
six-foot  lengths.     The  material  used  in  their  making  is  the  light 
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gray  siliceous  under-clay  which  was  used  for  a  long  period  in  the 
making  of  stoneware  at  Brazil.  It  burns  to  a  stone  gray  hue, 
which  becomes  a  buff  when  glazed  with  salt,  and  the  company 
claim  that  when  burned  to  the  proper  point  of  vitrification  it 
makes  a  conduit  which  is  a  perfect  insulator,  is  impervious  to 
water,  and  is  not  affected  by  heat  or  cold.  It  withstands  the 
action  of  gases,  acids  and  alkalies  and  is  proof  against  electrolysis, 
corrosion  and  decay.  The  utmost  care  is  exercised  in  the  making 
of  each  piece,  to  guard  against  cracking,  warping,  blistering  and 
other  structural  defects.  The  wares  of  the  company  are  used 
in  all  the  larger  cities  of  the  United  States,  and  their  superiority 
is  acknowledged  by  all  electrical  and  mechanical  experts. 

One  of  the  most  successful  clay-working  industries  in  Indiana 
is  that  of  the  Vigo  Clay  Co.,  about  two  miles  west  of  the  city  of 
Torre  Haute.*  The  clay  used  is  dumped  from  the  tram  cars  into 
a  pit  by  the  side  of  a  9-foot  dry  pan.  From  the  latter  it  is  ele- 
vated and  passed  over  gravity  screens  into  a  ten-foot  pug  mill. 
After  tempering,  the  wares  are  made  on  a  Giant  No.  2  auger 
machine,  the  output  being  5,000  standard  size  hollow  block  each 
ton-hour  day.  These  are  loaded  on  double-deck  iron  cars  and  dried 
in  a  Bucyrus  progressive  20-timnel  dryer,  exhaust  steam  being 
used  by  day  and  live  steam  by  night.  Two  days  are  required  for 
drying  and  four  for  burning,  the  latter  being  done  in  14  round, 
down-draft  kilns,  ranging  from  22  to  28  feet  in  size.  Wares  made 
from  under-clay  alone  are  burned  in  the  smaller  kilns,  while  for 
all  shale  ware  the  larger  ones  are  utilized.  It  requires  about  a 
week  to  turn  the  small  kilns,  while  the  large  ones  require  12  days. 
The  plant  is  operated  by  a  200-horsepower  Crawford-McCrimmon 
engine  and  battery  of  three  boilers,  and  is  lighted  by  electricity 
generated  by  a  smaller  engine  and  dynamo. 

The  Vigo  Clay  Co.  started  operations  in  1001  with  but  two 
kilns.  By  close  attention  to  details  and  by  putting  only  the  best 
quality  of  ware  on  the  market,  it  has  built  up  a  trade  and  reputa- 
tion second  to  none.  One  of  the  largest  contracts  which  it  has 
received  was  for  156  cars  of  hollow  block  to  be  used  in  the  struc- 
ture of  the  Albert  Schwill  grain  elevator.  South  Chicago,  111. 
This  elevator  is  150  feet  in  height  and  has  a  capacity  of  1,000,000 
bushels.    It  contains  24  grain  bins,  each  25  feet  in  diameter  and 

*For  desoription  otclvy  used  Me  p.  160. 
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97  feet  high.  The  wares  of  the  company  are  shipped  all  over 
the  middle  West,  and  the  demand  is  usually  far  in  excess  of  the 
supply.  Three  tests,  made  by  the  Pittsburg  Testing  Laboratory 
to  show  the  resistance  of  the  hollow  block  made  by  the  Vigo  Clay 
Co.,  resulted  as  follows,  the  load  being  applied  on  the  ends : 

RepoH  of  Tests  of  Hollow  Tile  Manufactured  by  the  Vigo  Clay  Co.,  of  Terre  HauLe,  Ind. 


Description. 

« 

Lencrth. 

Area. 

Loa4 
Applied. 

Gmshinjr 

Strenrth  Per 

Sq.Inch. 

7?i  inches  x  6  inches  x  1  inch 

UV^in. 
UK  in. 
11>|  in. 

29^ 
29.25 
29.25 

494,000 
447,200 
491,400 

16,800 

7%  inches  z  6  inches  z  1  inch 

15,290 

7%  inches  z  6  inches  z  1  inch 

16,800 

Terra  cotta  lumber  and  fireproofing  resemble  in  some  respects 
hollow  brick,  but  they  differ  in  that  they  are  not  vitrified,  but  are 
made  porous  and  open  in  texture  in  order  to  give  them  light 
weight  for  use  in  floors  and  partitions  in  large  buildings.  They 
are  hollow  and  can  be  bound  by  rods  or  bands  of  steel,  or  may 
furnish  openings  for  the  passage  of  gas  pipes,  electric  wires,  etc. 
In  their  making  a  silty  or  marly  clay  is  necessary,  the  porosity 
being  obtained  by  mixing  three  parts  clay  and  one  part  sawdust, 
the  latter  being  burned  out  in  burning  the  lumber,  thus  leaving 
cavities  in  place  of  the  sawdust  grains.  For  this  porous  wall  par- 
tition the  following  points  of  advantage  are  claimed : 

1.  It  is  a  non-conductor  of  heat,  cold  and  sound. 

2.  One  coat  of  plaster,  without  studding  or  lath,  finishes  the 
partition. 

3.  It  can  be  shaped  with  edge  tools  and  holds  nails  and  screws. 

4.  It  can  be  put  in  place  more  rapidly  and  at  less  cost  than 
brick. 

5.  Its  cost  to  the  consumer  is  only  slightly  greater  than  wood. 
On  account  of  its  porosity,  this  '^clay  lumber"  can  be  readily 

sawed  to  any  desired  shape,  and  a  nail  can  be  driven  into  it  with 
as  much  ease  as  into  a  pine  board.  It  is  used  mainly  for  parti- 
tion walls  in  fireproof  buildings,  and  is  rapidly  taking  the  place 
of  ordinary  brick  and  solid  fireproofing  for  that  purpose.  Its 
advantages  over  the  latter  are  obvious.  On  account  of  a  grooved 
outer  surface,  plaster  is  spread  over  it  without  the  use  of  inter- 
vening lath.     Any  wood  finisli  can  be  nailed  directly  to  it ;  while 
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with  a  saw  or  trowel  it  can  be  quickly  cut  into  any  desired  shape. 
Its  weight  is  as  follows: 

Poundt.        Sq.  Feet. 

3  inch 13,500  per  1,000 

4  inch 15,000  per  1,000 

6  inch 20,000  per  1,000 

The  prices  at  which  it  was  sold  in  1904  were  $27.50,  $30.00 
and  $35.00,  respectively,  for  the  sizes  made,  delivered  in  Chicago. 

But  four  factories  are  at  present  making  this  porosis  partition 
in  the  states  of  Indiana  and  Illinois;  one  located  at  Pullman, 
Illinois,  two  at  Brook,  Indiana,  and  one  at  Ilobart.  The  demand 
is  constantly  increasing;  the  profits  on  the  ware  are  very  large, 
and  there  is  no  reason  why  several  additional  factories  should  not 
be  at  once  erected  in  northern  Indiana.  Suitable  clays  occur  at 
a  number  of  places,  which  have  been  noted  in  Section  III  of  the 
present  paper. 

The  two  factories  at  Brook,  TsTewton  County,  are,  as  already 
noted,*  operated  under  the  name  of  the  Brook  Terra  Cotta  Tile 
and  Brick  Co.,  the  products  made  being  fireproofing,  flue  linings, 
terra  cotta  lumber,  drain  tile  from  four  to  24  inches  in  size,  and 
ordinarv'  brick.  At  the  old  or  southern  factory  the  mixture  of 
clay  and  sawdust  used  in  making  teiTa  cotta  lumber  is  passed 
through  a  pug  mill  and  crushed,  and  then  through  an  Adrian 
tile  machine  fitted  with  dies  of  the  pro])er  pattern  for  the  prod- 
uct desired.  The  so-called  lumbor  is  in  reality  a  hollow  brick, 
12x12  inches  square  and  three,  four  or  six  inches  thick.  The 
walls  are  three-fourths  of  an  inch  thick  and  the  hollow  portion 
has  two  partitions  to  give  the  structure  additional  strength.  The 
brick  are  dried  in  a  four-truck  standard  steam  timnel  drj'cr. 
After  drying  they  are  burned  for  30  hours,  the  sawdust  being 
meanwhile  consumed,  and  leaving  the  ])r(Kluct  very  light  and 
porous,  but  at  the  same  time  strong  enough  for  all  purposes  for 
which  it  is  used.  The  burning  is  done  in  six  22-foot  round  down- 
draft  kilns. 

At  the  new  plant,  erected  in  1901,  two  buildings  were  con- 
structed, viz.,  (a)  the  nuiin  building  or  dry  shod,  80x160  feet  in 
size,  with  three  floors  connected  by  elevators.  The  waste  heat 
process  of  drying  is  in  use,  the  heat  from  the  freshly  burned 

*  See  p.  449. 
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kilns  being  forced  through  tunnels  leading  from  the  kilns  to  the 
dry  floors  by  a  nine-foot  fan.  (b)  The  boiler  and  machinery 
room,  30x100  feet,  the  latter  equipped  with  American  clay  work- 
ing machinery.  The  burning  at  this  plant  is  done  in  six  30-foot 
round  down-draft  kilns. 

The  output  of  the  two  factories  in  1904  was  valued  at  $65,000. 
The  trade  of  the  company  is  constantly  increasing,  as  they  aim 
to  make  all  of  their  products  of  the  best  possible  quality  and  sell 
them  at  reasonable  prices. 

At  the  plant  of  the  National  Fire  Proofing  Co.,  at  Hobart, 
Lake  County,*  the  alay  used  in  the  making  of  terra  cotta  lum- 
ber and  other  fireproof  products,  is  excavated  with  spades  and 
elevated  in  tram  cars  as  fast  as  needed  to  the  upper  floor  of  the 
plant,  where  it  is  dumped  by  the  side  of  an  opening  leading  to 
a  perpendicular  pug  mill.  From  the  opposite  side  of  the  build- 
ing a  belt  carrier  elevates  screened  sawdust  and  drops  it  near 
the  same  point.  The  clay  is  moistened  by  sprinkling  water  over 
it  with  a  hose,  and  two  men  scoop  alternate  shovelfuls  of  clay 
and  sawdust  into  the  pug  mill.  In  it  the  two  are  thoroughly 
mixed  and  then  passed  into  a  horizontal  brick  machine,  from 
which  the  mixture  emerges  as  a  cylindrical .  roll  eight  inches  in 
diameter.  This  is  cut  into  blocks  14  inches  long,  which  are  ele- 
vated to  the  top  of  a  Vaughn  &  Taylor  sewerpipe  press  fitted  with 
dies  of  the  proper  size  and  pattern  for  the  product  desired.  As 
fast  as  taken  from  the  press  the  wares  are  placed  on  double  deck 
iron  cars  and  dried  by  steam  in  tunnel  driers.  The  kilns  in 
which  it  is  burned  are  14  in  number,  rectangular  down-draft, 
each  one  holding  10,000  feet  of  six-inch  partition.  The  output 
of  the  plant  avefrages  30  tons  a  day  of  the  finished  product,  and 
the  drying  and  burning  capacity  is  sufficient  to  take  care  of  this 
amount.  About  nine  days  are  required  from  the  time  the  clay 
is  taken  from  the  pit  until  the  finished  material  is  ready  to  load 
on  the  cars. 

The  products  of  this  plant  consist  of  wall  partition  or  fireproof- 
ing,  from  seven-eighths  to  12  inches  in  thickness;  floor  arching, 
wall  furring,  column  and  girder  covering  and  under-roofing,  to 
which  slate  or  roofing  tile  can  be  nailed.     Ninety  carloads  a 

*'Thia  was  the  only  hoUow  goods  factory  of  the  State  which  I  was  not  allowed  to  enter. 
The  detoription  of  it  ia  therefore  taken  mainly  from  the  report  for  1897. 
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month  are  shipped  to  all  parts  of  the  United  States;  the  value 
of  the  annual  output  being  about  $100,000. 

The  following  table  comprises  the  available  statistics  of  the 
sewer  pipe  and  hollow  goods  industries  of  Indiana  for  the  year 
1904: 
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III.     The  Manufactuke  of  Refractoby  Pboducts. 

The  making  of  refractory  wares  is  carried  on  in  twelve 
factories  in  Indiana,  but  in  two  of  these  onlv  as  a  side  issue.  Fire 
brick,  cupola  linings,  tiles  for  the  floors  of  kilns  and  grate  backs 
and  glasshouse  supplies  constitute  the  principal  products  made. 

But  three  of  the  factories  use  Indiana  clay,  two  of  them  deriv- 
ing their  supply  from  the  stratum  below  coal  VIb  in  the  region 
between  Hillsdale  and  Newport,  Vermillion  County.  It  is  a 
white,  semiplastic  under-clay  of  the  Coal  Measures,  contains  98 
per  cent,  of  refractory  material,  and  is  fully  described  among  the 
clays  of  Vermillion  County.     See  page  1 37. 

In  the  making  of  fire  brick,  cupola  and  furnace  block  and 
speicial  shapes  of  refractory  wares,  the  dry  pan  is  used  in  grind- 
ing the  clay  and  the  wet  pan  or  pug  mill  in  tempering  it.  The 
latter  process  is  done  more  thoroughly  than  in  the  making  of 
paving  brick  in  order  to  develop  as  much  as  possible  the  property 
of  plasticity. 

The  brick  and  block  are  molded  either  by  hand  or  on  soft  mud 
machinery,  the  auger  and  plunger  types  of  machines  being  wholly 
unsuited  to  their  making.  Those  made  on  the  soft  mud  machines 
are  much  rougher  than  the  ones  made  by  hand,  and  have  to 
undergo  the  process  of  repressing.  When  first  made  they  are 
too  soft  to  bear  handling  and  must  be  partially  dried  before  being 
repressed.  This  drying  is  accomplished  on  either  a  dry  floor 
heated  by  under-flues  or  in  a  progressive  tunnel.  The  molding 
usually  takes  place  in  the  afternoon  and  the  repressing  and  set- 
ting in  the  kilns  in  the  forenoon.  By  this  system  the  bricks  are 
dried  in  from  12  to  24  hours. 

Round  down  draft  kilns  are  used  in  the  burning  of  refractory 
products,  the  process  occupying  from  five  to  seven  days.  Less 
care  is  taken  in  the  burning  than  with  any  other  kind  of  clay 
wares,  as,  on  account  of  the  refractory  nature  of  the  materials, 
there  is  little  or  no  danger  of  fluxing  or  everburning. 

Within  recent  years  the  manufacture  of  fire  brick  has  been 
attempted  by  the  dry-press  process.  The  Iluntingburg  Dry 
Pressed  Brick  Company,  of  Iluntingburg,  Dubois  County,  and 
the  Simpson  Fire  Brick  Co.,  of  Carbon,  Clay  County,  are  mak- 
ing them  by  this  process  in  Indiana,  while  in  Ohio  it  is  being 
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used  successfully  in  several  fire  brick  factories.  If  the  process 
proves  a  success  it  will  revolutionize  the  making  of  refractory 
products  as  they  can  be  made  more  perfect  in  form  and  size, 
denser  and  stronger,  and  at  a  less  cost  by  the  dry  press  process 
than  by  any  other  known. 

Fire  Brick  Factories  in  Indiana. — The  oldest  factory  in  In- 
diana making  fire  brick  and  fumajce  block  is  that  of  the  Bums 
&  Hancock  Co.,  located  at  West  Montezuma,  Vermillion  County. 
(See  page  138.)  The  under-clay  here  used  is  dumped  by  the  side 
'  of  two  9-foot  dry  pans.  After  passing  through  these  it  is  ele- 
vated and  screened ;  then  tempered  in  a  pug  mill  .and  made  into 
brick  on  a  Martin  soft  mud  machine.  The  drying  is  done  with 
direct  heat,  in  24  hours,  on  a  dry  floor,  70x90  feet  in  size,  which 
holds  15,000  9-inch  brick.  Seven  round  down-draft  kilns  are 
used  for  burning,  five  days  being  required.  Clinton  coal,  costing 
$1.35  per  ton,  laid  down,  is  used  as  fuel. 

The  fire  brick  made  at  this  factory  weigh 'six  pounds  each,  and 
sell  at  $12.00  per  thousand  f.  o.  b.  the  cars.  All  odd  shapes 
made  are  sold  by  weight  at  the  same  proportionate  price,  a  block 
weighing  18  pounds  bringing  $36.00  per  thousand.  A  large  per- 
centage of  the  output  of  the  factory  in  1904  was  sold  to  the  Illi- 
nois Steel  Co.,  at  South  Chicago.  Large  numbers  of  the  brick 
are  sold  annually  to  iron  manufacturers  as  far  west  as  Montana 
and  south  to  Georgia  and  Alabama.  With  the  exception  of  a 
few  weeks  in  January,  1904,  the  firm  has  been  behind  with  its 
orders  for  the  past  six  years. 

At  the  new  plant  of  the  Southern  Fire  Brick  Co.,  located  be- 
tween Hillsdale  and  Newport,  Vermillion  Coimty  (see  page  140), 
the  under-clay  used  is  dumped  from  tram  cars  by  the  side  of 
three  9-foot  dry  pans.  After  grinding,  screening  and  tempering, 
it  is  made  up  on  an  American  brick  machine  with  automatic  Cut- 
oflF.  Drying  is  done  either  on  a  steam  heated  dry  floor,  80x100 
feet  in  size,  or  by  waste  heat  in  a  10-tunnel  progressive  drier, 
24  hours  being  required  by  either  process.  Burning  requires 
seven  days,  eight  30-foot  down-draft  kilns  being  used.  The  plant 
is  equipped  with  a  250-horsepower  Corliss  engine;  Murray's 
smokeless  furnace  and  battery  of  three  boilers;  a  dynamo  for 
electric  lighting;  test  kilns  for  testing  shrinkage  and  burning 
qualities  of  under-clay  and  shale ;  sawmill ;  blacksmith  shop,  and 
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all  other  accessories  of  a  modefm  clay  working  establishment. 
"Mt.  Silica"  fire  brick  and  cupola  block  and  tile  are  the  principal 
wares  at  present  made;  and  the  company  is  rapidly  building  up  a 
reputation  for  the  high  grade  of  its  products. 

At  the  plant  of  the  Simpson  Fire  Brick  Co.,  located  near  Car- 
bon, Clay  County,  the  under-clay  used  is  mined  from  beneath 
coal  III  (See  page  181)  and  dumped  by  the  side  of  a  Ft.  Wayne 
rock  crusher  and  8-foot  dry  pan.  After  being  ground  and 
screened  it  is  made  into  fire  brick  on  a  Berg  dry  pressed  brick 
machine,  which  has  a  capacity  of  20,000  daily.  The  burning  is 
done  in  ten  round  down-draft  kilns  and  takes  from  five  to  seven 
days. 

The  fire  brick  made  by  the  Simpson  Company  are  buff  in  color, 
quite  tough  and  solid,  and  weigh  about  six  and  a  half  pounds 
each.  They  are  used  extensively  in  glass  factories  and  iron  mills 
and,  it  is  claimed,  will  readily  withstand  a  temperature  of  3,000 
degrees  F.  The  output  in  1904  was  given  as  3,000,000,  valued 
at  $30,000.  They  are  shipped  mainly  to  Chicago^  and  from  there 
distributed  to  widely  distant  localities. 

Fire  brick  are  also  made  on  a  small  scale  by  the  Huntingburg 
Pressed  Brick  Co.,  of  Huntingburg,  and  the  Uhl  Pottery  Works, 
of  Evansville,  but,  as  the  main  business  of  these  companies  is  the 
production  of  other  wares,  they  will  only  be  mentioned  in  this 
connection. 

The  making  of  glass-pots,  linings  for  glass  tanks  and  other 
glasshouse  supplies  forms  the  highest  and  mo^t  technical  part  of 
the  refractory  clay  industry.  Seven  such  factories  are  in  opera- 
tion in  Indiana,  but  no  one  of  them  uses  Indiana  clays.  Glass- 
pots  vary  much  in  size  and  shape,  the  larger  covered  ones  weigh- 
ing as  much  as  4,500  pounds.  Great  care  must  be  taken  in  their 
structure  as  in  use  they  are  subjected  to  the  most  intense  heat 
and  at  the  same  time  to  the  action  of  such  powerful  fluxes  as 
potash,  soda  and  lead  oxides,  constituents  of  the  batch  of  molten 
material  which  they  contain,  and  which  are  much  stronger  cor- 
roding agents  than  the  fluxes  of  blast  furnaces. 

The  clay  used  in  a  glass-pot  is  subjected  to  very  careful  inspec- 
tion, both  at  the  mine  and  at  the  factory.  Every  lump  is  broken 
up  by  hand  into  small  fragments  and  every  impurity  thrown  out. 
This  work  is  frequently  done  by  women.    The  same  care  is  taken 
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with  the  old  pots,  which  are  broken  to  pieces  and  re-used,  every 
fragment  of  slag  or  impurity  being  carefully  chipped  off. 

As  in  the  lining  of  a  blast  furnace,  different  grades  of  clay  are 
used  in  different  parts  of  the  pot.  Thus  the  top  of  the  pot  has 
only  to  withstand  the  heat  and  bear  its  weight  while  the  sides 
are  subject  to  the  weight  of  the  top,  the  pressure  of  the  liquid 
and  the  corroding  action  of  the  salt  cake. 

The  clay  is  prepared  much  as  in  fire  brick  manufacture,  ex- 
cept greater  care  is  used  in  all  the  processes,  and  it  is  put  through 
an  extra  process  called  "sweating,"  in  which  the  moist  clay  when 
mixed  for  use  is  covered  with  blankets  and  allowed  to  sweat  for 
several  months  or  a  year  if  possible.  It  is  claimed  that  this  has 
great  influence  in  the  working  quality  of  the  clay.  By  some 
operators  the  clay  is  mixed  by  tramping  it  with  the  bare  feet, 
wVich  it  is  claimed  is  far  superior  to  any  known  mechanicai 
process. 

The  making  of  the  pot  is  done  by  hand  and  is  a  slow  process, 
taking  weeks,  and  including  the  drying,  even  months.  It  is  thus 
necessary  to  keep  a  considerable  stock  of  pots  on  hand  in  order 
to  fill  orders  with  any  degree  of  promptness.  The  pots  are  not 
burnt  until  they  are  put  in  the  furnace  where  they  are  to  be 
used,  and  then  it  is  the  aim  to  keep  them  hot  until  they  are  burnt 
out,  generally  an  interval  of  several  months,  as  they  are  liable 
to  crack  in  cooling. 

The  pots  are  all  numbered  and  a  record  kept  of  them;  when 
they  are  burnt  out  they  are  sent  back  to  the  factory  and  are  used 
as  material  in  building  others.  As  the  larger  pots  weigh  from 
3,000  to  4,500  pounds  each,  the  material  is  quite  an  item  and  the 
utilization  of  the  old  pots  quite  a  saving.  Single  pots  cost  from 
$50  to  $60  each. 

Up  to  the  present  no  attempt  has  been  made  to  utilize  the  clays 
of  Indiana  in  the  making  of  glass  pots  and  tank  linings.  The 
seven  factories  making  snch  wares  secure  their  clays  mostly  from 
the  Christy  Fire  Clay  Co.,  of  St.  Louis,  and  from  Mineral  City, 
Ohio,  but  import  some  of  it  from  Germany.  The  average  cost 
of  the  Missouri  and  Ohio  clays  when  washed  is  about  $15.00  per 
ton.  The  unwashed  Missouri  clay,  used  at  some  of  the  factories 
for  furnace  blocks,  costs  $5.00  per  ton.  Two  clays  are  found  in 
western  and  southern  Indiana  which  are  undoubtedly  of  suflBcient 
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purity  for  glass-pot  making.  One  is  the  Montezuma  under-clay, 
No.  10,  which,  according  to  careful  analysis,  contains  but  1.79  per 
cent,  of  fluxes;  the  other,  the  Lawrence  and  Martin  county 
kaolins,  containing  1.97  per  cent.*  The  analyses  were  made 
from  average  samples  chosen  hurriedly,  and  if  careful  selection 
be  made,  much  material  of  even  greater  purity  will  be  found  in 
the  deposits  mentioned. 

As  Indiana  clays  are  not  used,  but  one  of  the  glass-pot  fac- 
tories in  the  State  was  visited.  From  the  blanks  sent  to  the  others 
the  statistical  information  given  in  the  subjoined  table  was  se- 
cured. 

A  plastic  refractory  clay  found  in  Greene  County  was  for- 
merly put  to  a  novel  use  by  Mr.  P.  J.  Harrah,  of  Bloomfield. 
The  clay  was  mixed  with  one-half  of  its  bulk  of  sawdust  and 
then  molded  into  an  oval  mass  a  little  larger  than  a  hen's  egg, 
and  with  four  grooves  running  lengthwise.  During  the  process 
of  burning  the  sawdust  was  destroyed,  leaving  a  porous  mass  of 
fire^-clay  of  great  refractoriness.  A  handle  of  copper  wire  was 
attached  to  this  by  an  ingenious  machine,  and  a  fire  kindler  was 
complete.  This,  when  dipped  into  a  can  of  coal  oil  and  allowed 
to  remain  over  night,  absorbed  enough  oil  to  burn  for  16  or  20 
minute  with  a  flame  suflScient  to  kindle  either  wood  or  coal 
fires.  Many  hundred  thousand  of  these  kindlers  have  been  sold 
in  the  past  ten  years,  yielding  a  handsome  profit  to  the  inventor 
and  showing  one  of  the  manifold  uses  to  which  a  refractory  clay 
can  be  put. 

The  following  table  comprises  the  available  statistics  of  the 
refractory  clay  industries  of  the  State  for  the  year  1904 : 

*For  descriptions  and  analyres  see  pp.  137  and  300. 
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IV.     The  Manufacture  of  Potteby  and  Allied  Products.. 

Clay  products  made  by  the  potter  include  both  the  highest  and 
the  lowest  types  of  clay  wares.  Amons:  them  are  the  rude  vessels 
of  unciviUzed  races  and  the  finest  vases  and  china  ware  known  to 
mankind.  From  the  one  to  the  other  there  has  been,  through 
many  centuries,  a  steady  evolution,  with  no  "missing  link"  to 
furnish  food  for  speculation. 

Pottery  industries  are  commonly  and  roughly  divided  into  four 
classes,  which,  in  ascending  order,  are  as  follows : 

1.  Earthenware. 

2.  Stoneware. 

3.  Yellow  or  Bockingham  ware. 

4.  White  ware. 

The  distinctions  are  based  partly  on  methods  of  burning  and 
glazing  the  ware,  and  partly  on  the  kind  of  clay  used,  and  the 
care  and  skill  taken  in  preparing  it. 

1.  Earthenware  is  pirobably  the  lowest  and  crudest  form  of 
pottery  and  can  be  made  with  proper  precautions  from  almost 
any  clay  plastic  enough  to  work  freely,  and  sandy  enough  to  dry 
and  bum  without  cracking.  It  differs  from  common  stoneware 
in  being  burned  at  a  lower  temperature  and  in  being  softer  and 
more  porous  (more  earthy).  The  only  forms  of  earthenware 
manufactured  in  Indiana  are  red  flowerpots  and  jardinieres,  and 
they  are  made  only  on  a  small  scale  in  some  of  the  stoneware 
factories.  Drain  tile  might  properly  be  included  in  this  division, 
but  they  are  commonly  classed  with  hollow  ware  or  with  ordi- 
nary brick. 

2.  Stonewares  rank  next  to  earthenwares  in  the  scale  of  pot- 
tery products.  They  are  distinguished  from  the  latter  by  the 
fact  that  they  are  always  glazed  and  usually  vitrified,  the  glaz- 
ing and  burning  being  accomplished  at  the  same  time;  whereas 
in  the  higher  forms  of  potters'  wares  two  operations  are  neces- 
sary. 

The  making  of  the  cruder  forms  of  pottery,  such  as  earthen- 
ware and  stoneware,  has  long  been  carried  on  in  the  coal  bearing 
counties  of  Indiana.  The  early  settlers  discovered  along  the 
sides  of  the  ravines  and  hills  of  these  counties  many  outcrops  of 
the  under-clays  of  the  coal  seams.    These,  by  long  exposure,  had 
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been  rendered  soft,  plastic,  and  in  Qvery  way  suitable  for  the 
making  of  such  wares  as  jugs,  crocks,  etc.  As  a  consequence, 
numerous  small  potteries  sprang  up,  each  supplying  its  own  local 
territory  with  needed  wares.  At  one  time  20  or  more  of  these 
were  in  existence,  and  as  late  as  1895,  eight  were  listed  as  then 
operating  in  the  southwestern  portion  of  the  State.  Of  these,  but 
three  remain,  the  others  having  been  closed  by  the  competition 
of  larger  factories.  Three  of  the  latter  are  operating  and  supply 
not  only  a  local  demand,  but  ship  their  wares  to  distant  markets. 
Stoneware,  to  be  of  good  grade,  requires  much  care  in  the 
selection  of  the  clay.  This  must  possess  certain  essential  quali- 
ties, which  may  be  enumerated  as  follows: 

1.  Excessive  plasticity,  so  that  it  may  be  easily  spun  or 
molded  into  any  desired  shape. 

2.  It  must  be  refractory  enough  to  stand  up  under  the  heat  re- 
quired to  melt  the  glaze,  and  must  contain  enough  free  silica  to 
prevent  air-cracking  while  drying,  or  in  cooling  after  burning. 

3.  It  must  possess  fluxes  sufficient  to  cause  vitrification  to 
partially  take  place  at  or  below  the  temperature  required  for 
glazing  and  so  be  rendered  impervious  to  water. 

4.  It  must  be  relatively  free  from  such  impurities  as  particles 
of  lime,  iron  sulphide,  etc.,  which  will  cause  a  flaking  or  blister- 
ing of  the  surface  after  burning. 

5.  It  should  bum  with  a  clear  and  uniform  tint. 

Numerous  clays  possessing  these  qualities  exist  in  southwest- 
em  Indiana.  Among  the  best  are  those  found  in  the  vicinity  of 
Annapolis,  Parke  County;  Brazil  and  Clay  City,  Clay  County; 
Shoals,  Martin  County;  Huntingburg,  Dubois  County,  and  Can- 
nelton,  Perry  County,  detailed  mention  of  each  of  which  is  given 
in  the  previous  section. 

In  the  smaller  factories  the  clays  are  usually  weathered  for 
some  months  before  using.  They  are  then  ground  for  some  time 
with  the  old-fashioned  horse-power  "grading''  machine.  This 
grinding  causes  the  clay  to  become  very  tough  and  waxy,  but 
does  little  toward  removing  the  impurities. 

In  the  larger  factories  the  clay  is  either  ground  or  washed. 
A  machine  run  by  steam  and  called  a  tracer,  or  "chasing  mill," 
is  used  for  grinding.  By  this  the  clay,  previously  moistened,  is 
ground,  kneaded  and  stirred  for  an  hour  or  longer  until  the 
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grains  have?  been  reduced  to  as  near  a  uniform  size  as  possible, 
and  the  property  of  plasticity  strongly  developed.  The  clay  thus 
ground  is  used  mostly  for  hand  turning,  while  that  used  for  mold- 
ing or  "jollying"  is  generally  washed. 

After  being  ground  and  tempered  by  one  of  these  two  meth- 
ods, the  clay  is  then  removed  to  the  turning  room,  where  a  piece 
is  cut  off  of  sufficient  size  and  weight  to  make  the  vessel  desired. 
This  is  cut  into  two  pieces  several  times  by  a  wire,  and  each  time 
reunited  by  throwing  one  mass  with  much  force  agaifast  the 
other.  By  this  means,  and  by  kneading,  the  air  bubbles  are 
worked  out  and  the  particles  of  clay  brought  into  closer  contact. 
The  clay  is  then  thrown  on  to  a  horizontal  disk,  or  wheel,  which 
can  be  made  to  revolve  rapidly  by  a  foot  lathe  or  other  power. 
By  moistening  the  revolving  mass  and  pressing  it  with  the  fin- 
gers the  experienced  potter  can  cause  it  to  take  any  desired 
shape. 

The  amount  of  ware  thus  turned  in  a  day  varies  much  accord- 
ing to  the  size  and  kind.  So  many  gallons  usually  constitute  a 
day's  work.  A  practiced  potter  can  make  as  many  as  125  to  150 
gallons  of  crocks  or  jars ;  while  70  to  90  gallons  of  jugs  will  be 
a  good  day's  labor. 

In  the  larger  factories  at  Brazil  and  Evansville,  much  of  the 
ware  is  formed  by  jollying  or  molding.  For  this  purpose,  the 
clay  is  first  washed,  or  beaten  into  a  thin  slip  or  fluid  pulp  with 
water,  and  then,  after  sifting  out  all  coarse  particles,  the  watery 
and  soluble  impurities  of  the  clay  are  removed  by  filtration. 

The  washing  is  begun  in  a  "blunger"  or  large  vat,  either  of 
wood  or  iron.  Into  this  the  raw  clay  is  shoveled  and  stirred 
with  water  by  a  set  of  revolving  paddles  until  it  is  reduced  to  a 
thin  slip  or  fluid  pulp.  From  the  blunger  this  pulp  is  passed  over 
a  60-mesh  brass  wire-cloth  screen  where  any  pebbles  and  coarse 
material  are  separated.  The  fine  clay  and  liquid  are  then  run 
into  an  agitator  from  which  it  is  pumped  into  the  filter  press. 
This  "press  or  filter  is  the  most  ingenious  and  most  troublesome 
part  of  the  washing  machinery.  It  consists  of  a  series  of  iron 
or  wooden  frames  suspended  on  iron  side  bars.  These  frames 
are  covered  with  single  or  double  layers  of  stout  canvas  or  duck, 
made  for  the  purpose.  Through  the  center  of  each  frame  is  a 
hole;  also  lined  vnth  duck.     When  a  press  is  in  order,  ready  to 
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fill,  these  frames  or  chambers  are  squeezed  up  tight  against  each 
other  by  a  powerful  screw  at  one  end  of  the  press.  The  canvas 
between  the  edges  of  the  iron  frames  makes  a  tight  gasket  or 
joint  and  the  holes  in  the  center  coincide  all  the  way  through, 
so  that  between  the  canvaa  of  each  two  frames,  there  exists  a 
duck-lined  cavity,  communicating  by  the  central  hole  with  the 
similar  chambers  on  either  side  of  it.  When  the  slip  is  pumped 
in,  it  fills  these  cavities  and  the  water  soaks  out  through  the 
canvas  and  drains  away,  leaving  the  clay  behind.  When  the 
cavities  are  filled  and  no  more  slip  can  be  pumped  in  at  a  pres- 
sure of  126  pounds  to  the  inch,  the  operation  is  complete.  The 
screw  is  loosened,  the  frame  separated  and  the  clay  is  disengaged 
in  flat  leaves  or  plates,  one  to  two  inches  thick  and  weighing  36  to 
40  pounds  each  in  the  ordinary  sizes."* 

In  the  process  of  jollying  or  molding,  a  rapidly  revolving  mold 
made  of  plaster  of  Paris  is  filled  with  the  soft  washed  clay.  The 
inside  of  the  mold  has  the  form  of  the  outside  of  the  desired 
piece  of  ware,  while  a  "shoe"  or  "pull-down"  is  used  to  regulate 
the  inside  shape.  When  the  operation  is  complete  the  mold  is 
taken  into  a  hot  closet  where  the  water  of  the  clay  evaporates, 
and  the  ware  shrinks  and  loosens  in  its  case.  The  handles  are 
put  on  after  the  ware  is  removed  from  the  mold.  By  this  process 
a  single  mold  can  if  desired,  be  used  two  or  three  times  a  day, 
and  many  more  pieces  of  ware  can  be  made  by  one  man  than  by 
the  old-fashioned  mode  of  turning. 

The\vare,  after  being  shaped  on  the  wheel  or  by  jollying,  is 
set  on  board  shelves  in  open  racks,  or  in  large  airy  rooms  where 
it  slowly  dries.  After  drying,  if  the  glazing  is  to  be  that  of  a 
slip  clay,  it  is  dipped  into  a  solution  of  such  clay  and  then,  after 
allowing  this  to  dry,  is  removed  to  the  kiln.  There,  at  the  proper 
temperature,  the  slip  melts  and  forms  a  smooth  and  handsome 
surface,  usually  of  a  dark  brown  color.  At  some  factories  an 
artificial  slip  glaze  is  used  which  bums  white. 

If  the  glaze  is  to  be  one  of  common  salt,  the  ware  is  removed 
directly  from  the  drying  room  to  the  kiln  without  being  dipped 
in  a  glaze  bath,  and  when  the  contents  of  the  kiln  are  at  a  white 
heat  the  salt  is  thrown  on  the  fire.  Its  vapors  pass  upward  and 
form  a  brownish  yellow  glaze  on  the  outside  of  the  ware.     The 
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most  conmion  practice  is  to  use  a  slip  clay  on  the  interior  and  a 
salt  glaze  on  the  outside,  although  in  some  grades  of  ware  slips 
are  used  for  the  outside  as  well  as  the  inside.  The  slip  is  mixed 
thin  and  sprayed  over  the  interior  of  the  ware,  which  is  then 
ready  for  the  kiln. 

The  best  known  natural  slip  clay  in  this  country  is  the  Albany 
slip,  from  Albany,  New  York,  which  is  the  one  used  almost  ex- 
clusively among  the  potteries  of  Indiana.  Slip  clays  which  have 
been  tried  with  satisfactory  results  occur  in  this  State  in  Parke 
and  Elkhart  counties  (See  page  109).  The  question  of  slips  and 
glazes  is  intimately  associated  with  other  classes  of  pottery,  and 
enameled  brick  and  glazed  tiling.  It  probably  calls  for  more 
technical  skill  than  any  other  phase  of  the  industries,  especially 
in  the  ornamental  ware. 

Most  of  the  stoneware  made  in  Indiana  is  burned  in  22-foot 
round  down-draft  kilns,  the  process  occupying  about  60  hours. 
Each  kiln  holds  from  six  to  eight  thousand  gallons.  Three  days 
must  elapse  after  the  fires  are  drawn  before  the  kiln  be  opened, 
else  much  ware  will  be  spoiled  by  air  cracking. 

The  Stoneware  Factories  of  Indiana. — The  largest  stone- 
ware factory  in  the  State  is  that  of  the  Standard  Pottery  Co., 
located  one  mile  southwest  of  Brazil  (See  page  195).  In  this 
factory  both  turning  and  jollying  is  done,  four  turners  and  five 
joUymen,  with  their  helpers,  being  steadily  employed.  All  wares 
from  six  gallons  in  size  up,  are  hand  turned,  the  clay  being 
ground  and  tempered  in  a  ch^er.  Each  turner  receives  from 
87^  cents  to  $1.25  per  100  gallons,  depending  on  the  size  of  the 
ware.  After  paying  his  helper,  he  makes  an  average  of  $4.25 
per  day. 

In  jollying  the  smaller  sized  wares,  only  washed  clay  is  used. 
This,  after  passing  through  a  double  blunger  mill,  screens  and 
agitator,  is  pressed  on  two  72-chamber  filter  presses,  and  then 
thoroughly  tempered  in  a  pug  mill.  The  wares  made  are  mainly 
jugs,  jars,  crocks,  chums,  fruit  jars  and  water  coolers,  from  one- 
half  gallon  to  30  gallons  in  size.  The  smaller  sized  ware  is  dried 
24:  hours  in  the  molds  and  another  24  hours  after  being  removed. 
It  is  then  taken  to  the  slip  room  and  from  there  is  carried  to  the 
kilns.  This  ware  is  easily  glazed  with  Albany  slip  clay,  which  is 
used  mainly  for  glazing  the  inside  of  the  larger  pieces,  while 
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a  white  glaze,  made  of  feldspar,  flint,  Paris  whiting,  ground 
glass,  oxide  of  zinc  and  white  lead,  is  used  for  the  outside.  The 
burning  is  done  in  four  22-fopt  round  down  draft  kilns. 

The  ware  made  by  the  Standard  Pottery  Co.  is  of  high  gnlde- 
and   brings   an   average  of   four   and   a   half   cents   a   gallon, 
the  larger  pieces  selling  for  five  and  a  half  cents.    It  is  shipped 
to  various  points  within  a  radius  of  200  miles  from  Brazil. 

The  Uhl  Pottery  Works,  of  Evansville,  operate  a  large  plant 
in  the  northern  part  of  that  city,  and  have  been  making  stone- 
ware since  1891.  They  use,  for  the  most  part,  the  Huntingburg 
potters'  clay,  though  they  bum  some  wares  from  the  Cannelton 
clay.  The  Huntingburg  clay  will,  it  is  claimed  by  O.  C.  Lee, 
the  superintedent,  stand  fire  better  for  light  glazing.  The  clay 
costs  Jtbout  $2.00  laid  down  at  the  pottery.  About  125  30-ton 
cars  are  used  each  year. 

All  the  clay  used  for  molding  stoneware  is  reduced  to  a  fluid 
pulp  in  two  cylindrical  agitators,  each  five  feet  in  height  by  four 
in  diameter.  From  there  it  goes  to  a  receiving  cistern,  from 
which  it  is  pumped  into  a  clay  press.  Here  it  remains  about  an 
hour;  seven  pressfuls  a  day  being  used,  each  averaging  2,700 
pounds  of  washed  clay.  This  is  tempered  in  a  pug  mill  and  then 
goes  to  the  joUymen. 

The  clay  used  by  the  turners  is  not  washed,  but  is  run  through 
a  chaser.  Five  jollymen  and  two  turners  are  employed.  The 
ware  is  dried  for  40  hours,  and  then  glazed  with  a  white  bristol 
glaze.  The  burning  is  done  in  two  22-foot  and  one  16-foot  round 
down  draft  kilns.  The  output  in  1904  was  600,000  gallons, 
which  was  mostly  sold  in  Tennessee,  Alabama,  Georgia  and  other 
Southern  States,  and  brought  an  average  of  five  cents  per  gallon 
f .  o.  b.  the  cars. 

Besides  stoneware,  the  firm  make  about  100,000  fire  brick  each 
year  from  a  mixture  of  the  Huntingburg  clay  and  broken  sag- 
gars. The  latter  are  secured  from  the  Crown  Potteries  Co.,  300 
feet  south,  and  cost  75  cents  a  ton.  Three  parts  of  the  saggars 
are  ground  with  one  part  of  the  Huntingburg  clay,  to  serve  as 
a  bond.  The  brick  are  made  on  a  stiff  mud  machine  and  then 
repressed.     They  bring  about  $18.00  per  thousand. 

At  the  stoneware  factory  of  Clark,  Hose  &  Co.,  at  Cannelton, 
the  clay  is  not  washed  before  using,  being  simply  ground  and 
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tempered  by  steam  power  in  a  wet  pan  or  "chaser."  Three  turn- 
ers and  one  joUyman,  with  their  helpers,  are  employed.  The 
drying  is  done  in  steam  heated  closets  for  24  hours.  The  burn- 
ing takes  60  hours  and  is  accomplished  in  one  18-foot  round  down 
draft  kiln,  holding  4,000  gallons.  An  average  of  one  kiln  a  week 
is  made  and  burned.  The  ware  consists  mainly  of  crocks,  flower- 
pots, pitchers,  jugs,  jars  and  cuspidors,  the  largest  sizes  being 
ten  gallon  jugs  and  12  gallon  jars.  Albany  slip  clay,  costing 
$134  for  a  20-ton  car  at  the  plant,  is  used  for  glazing.  The  ware 
made  is  sold  wholesale  for  four  cents,  and  retails  for  seven  cents 
per  gallon.  It  is  marketed  mostly  at  "points  along  the  Southern 
Railway,  and  gives  everywhere  the  best  of  satisfaction. 

At  the  pottery  of  V.  Walz,  in  Huntingburg,  Dubois  County, 
the  clay  is  pugged  and  tempered  on  an  old-fashioned  grading 
machine  by  horse-power,  and  most  of  the  ware  is  turned,  molds 
being  used  only  for  crocks.  A  new  Henry  Martin  combined  wet 
and  dry  pan  or  tracer  is  on  the  ground  and  will  soon  be  installed. 
The  ware  is  dried  by  air  in  racks  on  the  two  floors  of  the  factory, 
the  length  of  time  required  depending  on  the  weather.  Burning 
is  done  in  one  14-foot  round  down-draft  kiln  holding  about  2,500 
gallons.  A  kiln  is  burned  every  three  weeks  for  11  months  of 
the  year.  Stoneware  of  various  kinds,  "stone  pumps"  and  four 
sizes  of  gutter  piping  for  cisterns,  etc.,  are  the  principal  products 
made.  The  largest  sizes  of  pottery  made  are  20-gallon  jars  and 
10-gallon  jugs.  Albany  slip  clay,  costing  $2.00  per  barrel,  is 
used  for  glazing.  The  ware  brings  four  and  a  half  to  five  cents 
per  gallon  wholesale,  and  retails  at  an  average  of  eight  cents.  It 
has  a  good  reputation  throughout  southern  Indiana,  where  it  is 
mostly  sold. 

At  Loogootee,  Martin  County,  John  H.  Folks  has  operated  a 
small  pottery  since  1878.  The  clay  is  ground  and  tempered  on  a 
grading  machine  and  all  ware  is  turned.  Burning  is  done  in  a 
small  stone  Howard  up-and-down-draft  kiln,  lined  with  fire  brick. 
This  holds  2,200  gallons  and  only  five  or  six  kilns  are  burned  a 
year.  Natural  gas  is  now  used  as  fuel  and  the  burning  takes  60 
hours.  When  wood  was  used  but  36  hours  were  required.  Al- 
bany slip  is  used  for  glazing.  Both  stoneware  and  earthenware 
are  made,  the  former  being  mostly  jars,  jugs  and  crocks,  and  the 
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latter  flowerpots  and  lardinieres.     The  ware  sells  from  five  to 
eight  cents  per  gallon  and  is  sold  only  to  the  local  trade. 

The  pottery  of  Beryl  Griffith,  located  at  Clay  City,  Clay 
County,  was  establishexl  in  1846.  The  clay  used  (See  page  206) 
is  ground  and  tempered  on  an  old-fashioned  grading  machine. 
The  larger  sized  jars,  jugs  and  churns  are  turned,  while  all 
smaller  sizes  are  made  in  molds.  Drying  is  done  by  steam  in  24 
hours.  Albany  slip  clay,  costing  $1.50  to  $2.00  per  barrel,  is 
used.  The  wares  are  burned  in  a  round  down-draft  kiln  holding 
3,000  gallons. 

Besides  the  stoneware  mentioned,  earthen  flowerpots  and  jar- 
dinieres are  also  made  on  a  small  scale.  The  wares  made  are  of 
high  grade  and  are  mostly  sold  in  Clay  City  and  at  points  north 
and  south  on  the  E.  &  I.  Eailway. 

The  oldest  pottery  in  Indiana  is  that  of  H.  E.  Atcheson^ 
located  at  Annapolis,  Parke  County,  which  was  established  iu 
1841.  In  it  the  potters'  clay,  No.  8  of  the  Coke  Oven  Hollow 
section  (See  page  102),  is  used,  being  hauled  in  wagons  to  the  pot- 
tery. Here  it  is  ground  by  steam  power  on  a  chaser  mill,  and 
then  turned  or  molded  into  jugs,  jars,  crocks,  chums,  and  other 
forms  of  stoneware.  These  are  dried  by  steam  and  burned  in  a 
round  down-draft  kiln  holding  4,000  gallons.  The  ware  is  strong 
and  durable  and  has  a  wide  reputation  throughout  central  Indi- 
ana for  the  excellence  of  its  quality.  It  is  wholesaled  at  the  fac- 
tory for  four  cents  per  gallon. 

3.  Yellow  or  Rockingham  Ware  *is  not  at  present  made  in 
Indiana,  though  formerly  manufactured  at  Troy,  in  Perry 
County,  in  large  quantities.  A  natural  clay  is  used  in  its  mak- 
ing. This,  after  being  molded  and  dried,  is  first  burned  in  the 
biscuit  kiln  to  harden  the  body  and  then  burned  again  to  develop 
the  glaze.  The  same  clay  may  be  used  for  both  stoneiware  and 
yellow  ware,  but  a  less  refractory  clay  may  be  used  for  the  yel- 
low or  Kockingham  ware,  because  the  glazes  fuse  at  a  lower 
temperature  than  the  stoneware  glazes. 

4.  White  WareSj  including  C.  C.  ware,  white  granite,  semi- 
porcelain,  and  porcelain,  stand  at  the  head  of  the  list  of  pottery 
wares,  both  in  the  purity  of  the  clays  and  other  materials  enter- 
ing into  their  composition,  and  also  in  the  skill  required  of  the 
operator  for  their  successful  making  and  burning. 
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The  white  ware  industry  differs  from  that  of  the  other  grades 
of  pottery  ware  mainly  in  the  complexity  of  the  mix  or  material 
used.  Instead  of  using  a  natural  clay  alone,  mixtures  of  clay, 
kaolin,  feldspar  and  quartz  are  used,  the  clay  in  some  cases  form- 
ing a  comparatively  small  percentage  of  the  total.  In  the  five 
factories  making  white  wares  in  Indiana  no  clay  from  the  State 
is  used  except  for  the  making  of  saggars.  These  are  boxes  or 
cases  of  various  shapes  and  sizes,  made  of  refractory  open  grained 
clay  which  will  stand  a  high  heat  and  much  handling.  In  these 
saggars  the  smaller  and  more  delicate  pieces  of  unbumed  clay 
wares  are  packed  and  separated  by  small  pieces  or  "wads"  of 
clay,  so  that  the  weight  of  one  piece  upon  another  will  not  deface 
or  bend  it.  These  saggars  of  unburned  ware  are  then  set  in  the 
kiln,  one  on  top  of  another,  until  it  is  filled,  when  the  process  of 
burning  begins.  The  expense  of  the  labor  and  material  in  mak- 
ing the  necessary  saggars  in  a  large  factory  is  quite  an  important 
item.     Two  or  three  men  are  generally  kept  busy  at  that  alone. 

The  technique  o;f  the  white  ware  industry  is  too  varied  and  too 
complicated  to  justify  more  than  a  brief  description  in  this  con- 
nection. Since  Indiana  clays  are  not  used  in  the  formation  of 
the  body  of  the  wares,  but  one  of  the  five  factories  operating  in 
the  State  was  visited  personally.  This  was  that  of  the  Crown 
Potteries  Co.,  of  Evansville,  makers  of  semi-porcelain  and  white 
granite  tablewares.  A  short  description  of  the  process  therein 
used  wUl  give  some  idea  of  the  making  of  white  wares. 

The  Crown  Potteries  Coi  was  organized  in  1891,  and  now 
operates  large  factories  at  Evansville,  Ind.,  and  Peoria,  111.  At 
Evansville  the  materials  used  in  the  body  of  their  wares  consist 
of  ball  day  from  Tennessee,  kaolin  from  North  Carolina  and 
Georgia,  feldspar  from  Pennsylvania,  ground  flint  from  East  St. 
Louis,  111. ;  also  an  imported  kaolin.  Huntingburg  (Ind.)  clay  is 
used  for  saggars,  about  250  tons  a  year,  costing  $1.50  at  the  plant, 
being  required.  The  saggars  are  molded  by  hand,  are  of  different 
sizes  and  shapes  and  are  dried  in  a  steam-heated  dry  closet  for 
about  a  day.  They  are  then  filled  with  light  ware  and  used  the 
first  time  without  burning,  the  new  ones  being  placed  on  top  of 
the  older  ones  in  the  kiln.  Each  saggar  can  be  used  on  an  aver- 
age only  about  five  times.  It  is  then  ground  up  and  its  material, 
mixed  with  fresh  clay,  is  used  in  forming  another  one  of  its  kind. 
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In  making  the  body  of  the  porcelain  and  other  wares,  the  ma- 
terials used  are  thoroughly  mixed  in  the  proper  proportion.  The 
mixture  is  then  put  through  a  clay,  press,  similar  to  that  used  in 
making  stoneware.  All  the  wares  are  molded,  dried  in  steam- 
heated  closets,  then  smoothed,  piece  by  piece,  placed  in  saggars 
with  small  "wads"  between  each  two  pieces,  and  burned  in  kilns  of 
special  design  for  60  hours,  the  temperature  being  kept  at  about 
2,000°  F.  After  cooling,  the  ware  is  then  carefully  gone  over 
and  all  defective  pieces  rejected.  The  perfect  ones  are  then 
dipped  in  an  artificial  glaze,  whose  main  ingredients  are  zinc 
oxide,  white  lead,  boracic  acid  and  Paris  whiting.  They  are  then 
placed  in  a  second  set  of  saggars  in  such  a  manner  that  no  two 
pieces  touch,  and  burned  a  second  time  for  28  hours.  After  cool- 
ing, the  ware  is  again  assorted  and  all  roughness  removed.  The 
plain  ware  is  then  ready  for  the  market,  but  that  which  is  deco- 
rated, which  comprises  the  greater  part,  is  taken  to  the  decorating 
rooms.  Here  the  colors  used  are  enamel  paints,  or  readily  fusible 
glazes,  colored  with  metallic  oxides  and  used  as  paints.  The  dec- 
orating is  done  chiefly  by  "transfer  papers"  or  "prints,"  though 
some  of  the  finer  ware  is  hand-painted.  After  decorating,  it  is 
again  placed  in  saggars  and  burned  a  third  time,  eight  to  12 
hours,  in  special  decorating  kilns,  six  of  which  are  in  use;  the 
object  of  this  burning  being  to  "fix"  or  render  permanent  the 
decorations. 

The  wares  made  by  the  Crown  Potteries  Co.  rank  high,  both 
in  quality  and  in  the  artistic  beauty  of  their  decorations.  Their 
trade  has  grown  very  rapidly,  and  at  present  their  output  ranks 
first  in  value  among  the  clay  industries  of  the  State. 

The  Peru  Electric  Manufacturing  Co.,  located  at  Peru,  Miami 
County,  manufactures  a  standard  line  of  porcelain  electrical  appli- 
ances. Among  these  are  electric  sockets,  receptacles,  cut-outs, 
attachment  plugs,  circuit  boards,  bases  for  baby  switches,  fuse  and 
fuseless  rosettes,  insulators,  cleats  and  many  other  specialties. 
All  the  clays  used  are  brought  in  from  other  States,  being 
for  the  most  part  ball  clay  from  Florida  and  the  so-called  "china 
clays."  The  wares  are  all  dry-pressed  in  steel  dies.  They  con- 
tain about  31  per  cent,  moisturp,  which  is  removed  by  air  drying. 
They  are  then  placed  in  saggars  and  burned  for  24  hours.  Ten 
modified  patent  down-draft  potters'  kilns  are  used.     Natural  gas 
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served  as  fuel  until  1901,  but  has  been  replaced  by  West  Vir- 
ginia gas  coal.  The  output  of  the  factory  goes  to  all  parts  of 
the  United  States,  and  has  a  high  reputation  for  nicety  of  finish 
and  durability. 

Three  companies  in  the  State  are  engaged  in  the  making  of  san- 
itary earthenware,  such  as  bath  and  laundry  tubs,  sinks,  lavato- 
ries, etc.  The  ware  is  made  and  partially  dried  in  plaster  of  Paris 
molds,  then  air-dried  and  burned  in  saggars  in  kilns.  Great  care 
is  necessary  in  drying  the  large  pieces  and  still  greater  care  and 
skill  are  required  in  the  burning  and  cooling  or  annealing  opera- 
tions. 

The  objections  to  bathtubs  of  porcelain  are  their  greater 
weight,  which  is  from  500  to  700  pounds^^  and  greater  cost.  These 
objections  apply  in  a  less  degree  to  the  sinks  and  laundry  tubs. 
Yet  they  are  so  much  neater  and  cleaner  that  for  the  better  class 
of  buildings  they  will  be  in  demand  in  spite  of  their  greater  cost. 
The  greater  weight  is  not  a  serious  objection,  as  they  are  station- 
ary objects. 

At  the  plant  of  the  Great  Western  Pottery  Co.,  located  at  Ko- 
komo,  Howard  County,  no  Indiana  clay  is  used,  either  in  the  body 
of  the  ware  or  in  making  saggars.  Some  clay  from  the  State  was 
tried  for  the  latter  purpose,  but  was  not  found  entirely  satisfac- 
tory. The  body  clay  is  obtained  in  England  and  varioug  parts  of 
the  United  States.  Five  biscuit  and  three  gloss  kilns  are  used  in 
burning. 

At  the  plant  of  the  Columbia  Pottery  &  Manufacturing  Co., 
also  located  at  Kokomo,  the  clays  for  the  body  of  the  wares  are 
obtained  from  England,  Kentucky  and  Florida.  Five  kilns  are 
used  in  burning. 

The  National  Pottery  Co.,  of  Evansville,  uses  clays  from  Eng- 
land, Florida  and  Delaware.  Four  straight  up-draft  kilns  are  in 
use. 

The  wares  of  all  three  of  these  companies  rank  among  the  best 
of  their  kind  in  the  United  States,  and  have  a  wide  distribution, 
especially  in  the  larger  cities  of  the  country. 

The  following  table  shows  the  more  important  statistics  of  the 
pottery  and  allied  industries  of  the  State  for  the  year: 
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V.    The  Manufacture  of  Dry  Pressed  Brick,  Architectural 

Terra  Cotta  and  Encaustic  Tile. 

The  three  classes  of  products  above  mentioned  comprise  the 
highest  grade  clay  materials  used  in  the  construction  of  build- 
ings. The  chief  principle  involved  in  the  making  of  dry  pressed 
brick  and  encaustic  tile  is  the  same,  viz.,  the  use  of  great  pressure 
to  cause  the  particles  of  clay  to  adhere  into  a  dense  and  compact 
product.  In  the  making  of  terra  cotta  the  larger  pieces  are  usually 
"made  in  molds  of  special  design. 

The  manufacture  of  dry-pressed  brick  for  the  fronts  of  build- 
ings has  become  a  prominent  industry  in  recent  years.  Archi- 
tects and  builders  are  constantly  inventing  new  designs  in  which 
these  bricks  can  be  used  to  advantage;  and  the  manufacturers, 
fully  alive  to  every  opportunity  for  increasing  their  business,  are 
competing  with  one  another  in  improving  the  quality  and  variety 
of  their  output. 

Clays  of  various  kinds  are  used  in  the  making  of  dry-pressed 
brick.  Surface  clays,  where  free  from  particles  of  lime  and  iron 
ore,  make  a  handsome  red  brick,  but  oftentimes  one  which  is  too 
tender  or  brittle,  the  edges  being  easily  broken  or  rubbed  in 
shipping.  Such  clays  are  used  in  two  of  the  five  large  factories 
operating  in  Indiana.  Recent  sedimentary  clays  make  a  tougher 
brick,  but  the  color  cannot  always  be  relied  upon. 

The  toughest  pressed  brick,  and  those  of  the  most  uniform 
color,  are  undoubtedly  those  made  of  shale.  The  Knobstone 
shales  and  the  more  refractory  deposits  of  the  Carboniferous  can 
be  made  into  a  handsome  and  durable  dark  red  brick.  The  under- 
clays  of  the  coal  seams  can  also  be  utilized  in  making  buff  brick, 
which  are  rapidly  coming  into  popular  favor.  By  mixing  these 
clays  and  the  overlying  shales  or  surface  clays  in  varying  propor- 
tions, many  different  shades  can  be  produced  at  will. 

In  general,  the  only  preparation  necessary  for  the  clays  is  grind- 
ing and  screening.  The  surface  and  sedimentary  clays  are  usu- 
ally ground  in  a  pulverizer,  the  shales  and  under-clays  in  a  dry 
pan.  The  grinding  should  be  prolonged  enough  to  render  the 
particles  of  clay  as  near  a  uniform  size  as  possible.  From  the 
screens  the  clay  passes  down  to  a  receiver  or  hopper  above  the 
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brick  press.  The  latter  is  a  powerful  machine^  which  takes  the 
ground  and  screened  clay,  and  by  the  exertion  of  great  pressure 
forms  it  into  a  dense,  compact  brick.  As  this  is  usually  made 
without  the  aid  of  moisture,  it  is  but  little  more  than  an  aggrega- 
tion of  particles  of  clay,  held  together  by  the  force  of  adhesion. 
Such  brick  are,  therefore,  acted  upon  and  worn  away  readily  by 
friction,  and  require  careful  handling,  both  before  and  after 
burning. 

The  brick  are  usually  removed  from  the  machine  direct  to  the 
kiln.  The  burning  is  accomplished  in  down-draft  kilns,  either 
round  or  rectangular  in  form,  the  Eudaly  being  a  favorite  kiln  for 
the  purpose.  The  process  occupies  from  eight  to  fourteen  days, 
about  half  of  which  are  devoted  to  water  smoking.  Wood  or  coke 
is  generally  used  for  fuel  in  this  preliminary  process  and  coal  for 
the  later  stages  of  burning.  In  two  of  the  factories  continuous 
burning  kilns  are  used,  and  waste  heat  is  utilized  for  drying  thoiv 
oughly  before  burning,  the  latter  process  being  thereby  much 
shortened. 

After  cooling,  the  contents  of  the  kiln  require  careful  assort- 
ing, as  sometimes  as  many  as  a  half  dozen  different  shades  of  one 
color  are  present,  owing  to  the  variations  in  burning,  and  the 
position  occupied  by  the  different  courses  of  brick  in  the  kiln. 

Dry  Pressed  Brick  Factories  of  Indiana, — One  of  the  most 
modern  factories  for  making  dry-pressed  brick  in  Indiana  is  that 
of  the  Kulage  Brick  Works,  at  Hobart,  Lake  County.  The  clays 
here  used  (see  page  456)  am  put  through  a  double  process  in  order 
•to  render  the  completed  wares  stronger,  more  durable  and  more  uni- 
form in  texture.  The  clays  are  first  made  into  large-sized,  stiff 
mud  brick  on  a  Chambers  machine,  50,000  such  brick  being  made 
each  day.  These  are  dried  for  48  hours  in  a  steam-heated  10- 
tunnel  dryer.  They  are  then  crushed  and  ground  into  dust,  which 
is  elevated  in  a  conveyor  and  falls  into  a  mixing  room.  From  this 
it  is  removed  by  an  auger  conveyor  to  an  elevator,  which  conveys 
it  to  the  dry-pressed  brick  machines.  Four  of  these  are  in  use, 
two  "Triumph,"  for  plain  brick,  and  two  ^*Challenge,"  for  orna- 
mental and  odd  shapes.  From  the  machines  the  brick  are  taken 
to  the  kilns,  where  they  are  subjected  to  a  drying  process  by  waste 
heat  for  seven  days,  and  then  are  burned  the  same  length  of  time. 
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Coal  from  Linton,  Greene  County,  is  used  as  fuel,  and  costs  $2.00 
per  ton  at  the  factory.  Two  hundred  tons  are  required  to  bum 
300,000  brick. 

Five  large  rectangular  down-draft  kilns,  each  100  feet  long  by 
20  wide,  and  holding  300,000  brick,  are  in  use.  These  kilns  are 
constructed  of  ordinary  brick,  burned  from  the  clays  at  hand,  and 
are  lined  with  Ottawa  fire  block.  They  were  built  according  to 
the  designs  and  inventions  of  the  Kulage  Company,  and  are  the 
largest  kilns  of  the  down-draft  type  in  the  State,  their  combined 
capacity  being  nearly  as  great  as  that  of  a  dozen  down-draft  kilns 
of  the  usual  size.  Each  kiln  is  so  constructed  as  to  be  operated 
separately  and  independently,  or  the  entire  set  may  be  connected 
and  used  as  a  continuous  system,  thereby  reducing  materially  the 
cost  of  burning.  At  the  present  time  the  kilns  are  operated  con- 
tinuously, the  processes  of  setting,  drying,  burning,  cooling  and 
unloading  taking  place  all  the  time,  one  kiln  being  in  use  for  each 
process.  These  kilns  also  admit  the  setting  and  burning  of  shaped, 
ornamental,  glazed  and  enameled  brick  with  the  plain  brick  with- 
out interfering  with  the  letter. 

In  removing  and  assorting  the  brick  from  the  kilns,  they  are 
taken  out  in  sections,  those  from  four  double  rows  being  prac- 
tically uniform  in  color.  Five  different  colors  are  obtained  from 
each  kiln.  Those  of  an  ordinary  pink  hue  sell  for  $10.00,  while 
the  maroon  bring  $13.00  per  thousand  f.  o.  b.  at  the  factory.  The 
ornamental  and  special  shapes  range  in  price  from  $50  to  $200 
per  thousand. 

In  order  to  show  the  difference  in  strength  between  brick  made 
by  the  old  dry  press  process  and  those  by  the  new,  or  one  now  in 
vogue  at  the  factory,  Mr.  Kulage  had  tests  made  by  Robert  W. 
Hunt  &  Co.,  of  Chicago,  which  resulted  as  follows : 

Results  of  Crushing  Tnti^  on  Half  Brick  from  the  Knlage  Brick  Works,  Ilohart,  Ind, 

Old  ProcfHB  New  Proctat 

Jirtck.  Brick, 

Dimensions  3.70x3.85  in.  3.82x4.00  in. 

Area  square  inclies 14.51)  15,28 

Load  at  cracl^ing,  actual 148.000  lbs.  198,000  lbs. 

Maximum  load,  actual 200,000  lbs.  

Loaa  at  cracking,  per  sq.  In 10,145  lbs.  12,960  lbs. 

Maximum  load,  per  sq.  in 18,710  lbs,  ...... 
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"The  new  process  brick  was  loaded  to  the  capacity  o 
machine,  200,000  pounds,  but  was  not  destroyed." 

The  brick  from  the  Kulage  factory  have  a  wide  distribi 
being,  in  1904,  sold  in  Philadelphia,  Milwaukee,  St.  Pau 
Louis  and  many  other  cities.  With  the  process  in  use, 
claimed  that  they  are  made  more  cheaply,  and  will  withstan 
rougher  handling  than  when  made  by  the  old  method.  Con 
ors  prefer  the  brick  on  account  of  their  greater  toughness, 
there  is  also  a  minimum  of  loss  in  shipment. 

The  largest  dry-pressed  brick  factory  in  Indiana  is  that  o 
Chicago  Hydraulic  Pressed  Brick  Co.,  located  at  Porter,  P 
County.     Here  the  clay  used  (see  page  400)  is  hauled  in 
and  so  dumped  as  to  feed  itself  between  a  set  of  steel  ro 
These  grind  enough  clay  to  make  25,000  brick  every  ten  h 
After  being  ground,  the  clay  is  elevated  to  the  top  of  the  I 
ing  and  passed  through  a  disint^rator  and  two  rotary  or  revo. 
screens.    From  the  latter  it  descends  into  a  perpendicular  "r 
box,"  eight  feet  in  diameter,  where  it  is  acted  upon  by  revo  i 
iron  arms,  and  reduced  to  as  nearly  a  homogeneous  mass  as 
sible.     From  the  mixer  it  passes  into  a  five-die  hydraulic  pre 
the  company's  patent  and  make.    This  subjects  it  to  a  pressu  > 
2^750  pounds  per  square  inch.     Three  such  presses,  each  ca] ; 
of  making  25,000  brick  daily,  are  in  the  plant,  and  conn(  i 
with  each  of  these  is  a  set  of  steel  rollers,  disintegrators,  scr 
etc.,  as  noted  above.     Besides  these  there  is  a  press  for  ma  I 
brick  of  special  shape,  which  has  but  two  dies  and  makes 
2,500  brick  daily. 

From  the  presses  the  brick  are  wheeled  on  trucks  to  the  ; 
These  are  of  the  "Groves"  pattern,  and  14  in  number,  each  ]i 
ing  130,000  standard-sized  brick.  The  kilns  are  so  connected  i 
one  another  and  with  a  system  of  large  exhausters  or  "blo^ 
that  as  soon  as  one  is  filled  and  hermetically  sealed  the  colci 
which  it  contains  is  drawn  off,  and  hot  air  from  a  freshly  bu  i 
kiln  rushes  in  to  take  its  place.  In  this  way  much  heat  is  i 
for  drying  which  would  otherwise  be  lost.  After  drying  for 
week  the  brick  are  burned,  with  coal  as  fuel,  for  an  equal  lei 
of  time.  Illinois  screened  lump  is  used,  costing  $2.20  per  ton 
4own.    Seventy  tons  ar^  used  in  burning  eecb  kiln. 
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rrom  the  kilns  the  brick  are  taken  to  the  stock  room,  710  feet 
long,  33  feet  wide  and  14  feet  high,  where  several  millions  of 
front  brick  of  many  colors,  as  well  as  large  supplies  of  special 
shape  brick  are  kept  constantly  on  hand.  A  double  railway  track 
runs  through  this  room,  so  that  the  brick  can  be  loaded  from 
either  side  with  ease. 

Nine  different  shades  of  red  brick  are  made  and  three  of  brown, 
the  latter  color  being  produced  by  mixing  a  salt  of  manganese  with 
the  clay  as  it  enters  the  steel  rollers  to  be  crushed.  About  100 
different  forms  of  special  shape  brick  are  made,  one  or  two  of 
which  are  sold  as  high  as  65  cents  each.  The  patterns  or  dies  for 
each  of  these  are  owned  by  the  company,  and  are  kept  in  a  sepa- 
rate fireproof  building.  The  ordinary  dry-pressed  brick  bring  an 
average  of  about  $10.00  per  thousand  at  the  plant,  while  the  spe- 
cial shapes  average  $50.00.  They  have  a  wide  distribution  and  a 
reputation  second  to  none. 

At  the  plant  of  the  Huntingburg  Dry-Pressed  Brick  Co.,  lo- 
cated at  Huntingburg,  Dubois  County,  the  loess  clay  used  (see 
page  285),  is  stored  in  sheds  and  from  these  passed  through  a 
pulverizer  and  then  elevated  to  a  rotary  screen.  It  is  then  made 
into  brick  on  a  "U.  S."  brick  machine.  From  the  machine  the 
'brick  are  taken  directly  to  the  kilns,  where  they  are  "wate^ 
smoked''  six  days  with  wood  and  then  burned  at  a  white  heat  for 
an  equal  length  of  time.  Four  large  Eudaly  kilns,  holding  128,- 
000  each,  and  one  smaller  kiln,  holding  65,000,  are  in  use,  this 
kiln  capacity  being  sufficient  to  handle  the  output  of  the  brick 
machine. 

The  dry-pressed  brick  made  by  the  Huntingburg  Co.  in  1904 
were  being  sold  at  $5.00  per  thousand,  kiln  run,  f.  o.  b.  at  the 
plant.  This  is  a  very  low  price  for  brick  of  that  quality,  but  in 
explanation  it  was  said  that  the  freight  rate  charged  by  the  rail- 
way was  so  high  that  the  brick  had  to  be  sold  at  that  fierure  to 
meet  competition.  The  output  was  22,000  per  day,  which  were 
shipped  chiefly  to  East  St.  Louis  and  Centralia,  111.,  New  Albany 
and  other  points  on  the  Southern  Railway.  Selected  brick  for 
front  walls  were  bringing  $8.00  per  thousand.  The  demand  for 
both  kinds  during  the  year  was  far  greater  than  the  capacity  of 
the  plant  could  supply. 


DBY-PEESSED    BBICK    FACTOBIES   OF   INDIANA.  611 

The  Standard  Brick  Co.,  of  Evansville,  began  in  1904  the 
making  of  dry-pressed  stock  brick  from  a  carboniferous  shale  (see 
page  313).  The  shale  is  dumped  from  carts  by  the  side  of  a 
Raymond  9-foot  dry  pan,  where  it  is  ground  and  then  elevated 
and  passed  over  a  24-foot  gravity  screen  into  a  rotarv  mixer.  From 
here  it  is  taken  to  a  Berg  dry-pressed  machine,  which  has  a  daily 
output  of  20,000.  The  burning  is  done  in  four  permanent  cov- 
ered clamp  kilns,  holding  400,000  each.  The  process,  including 
water  smoking,  requires  16  days.  Evansville  slack  coal,  costing 
$1.10  per  ton  laid  down,  is  used  as  fuel. 

At  the  plant  of  the  Goetz  Pressed  Brick  Co.,  just  west  of  New 
Albany,  Floyd  County,  the  Knobstone  shale  used  (see  page  376) 
is  dumped  by  tram  car  beneath  sheds  near  a  Williams  pulverizer. 
After  moistening,  it  is  passed  through  the  pulverizer  or  grinder, 
and  then  elevated  and  screened.  From  the  screens  it  falls  into  a 
pit,  where  it  is  steamed,  and  from  there  it  is  made  into  brick  on  a 
Ross-Keller  6-mold  dry-pressed  machine,  at  the  rate  of  25,000  per 
day.  Burning  is  done  in  two  Swift  grateless  furnace  kilns,  hold- 
ing 400,000  each,  the  foundations  being  in  for  two  additional  kilns 
of  the  same  pattern.  Coke  is  used  for  water  smoking  and  coal  for 
burning,  the  former  piwess  requiring  ten  and  the  latter  twenty- 
four  days. 

The  pressed  brick  made  at  the  Goetz  factory  are  bright  cherry 
red  in  color,  with  sharp  edges,  and  appear  tough  and  durable. 
They  are  being  sold  mostly  as  stock  brick,  bringing  $6.00  per 
thousand  at  the  plant.  Slack  coal  from  Pike  County,  costing 
$1.30  per  ton  laid  down,  is  used  as  fuel.  Water  is  obtained  from 
the  city  waterworks  reservoir  on  top  of  the  hill  half  a  mile  north 
of  the  plant.  The  output  in  1904  was  about  3,000,000,  which 
was  but  half  the  capacity  of  the  plant. 

The  factory  of  the  Standard  Brick  Co.,  of  Crawfordsville,  is 
located  by  the  side  of  the  Monon  Kailway,  about  two  miles  north 
of  the  city  (see  page  345).  The  Knobstone  shale  used  is  dumped 
by  the  side  of  a  Western  rock  crusher  and  Steadman  disintegra- 
tor, through  which  it  is  passed.  The  ground  shale  is  then  ele- 
vated and  screened  and  made  into  dry-pressed  brick  on  a  Simpson 
brick  machine.  Two  kilns  are  used  for  burning,  one  being  a  per- 
manent rectangular  down-draft,  lined  with  St.  Louis  fire  brick. 
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and  holding  165,000;  the  other  a  temporary  kiln,  holding  225,- 
000.  The  burning  is  done  in  14  days,  the  first  six  of  which  are 
devoted  to  drying  or  water  smoking. 

At  the  time  of  my  visit,  in  May,  1904,  the  plant  had  not  been 
operated  for  nearly  two  years,  but  samples  of  the  front  brick  in 
the  yard  showed  them  to  have  been  of  a  handsome  and  uniform 
dark  red  color,  hard  and  with  sharp  edges.  They  sold  at  $11.00 
to  $14.00  per  thousand  at  Indianapolis  and  many  points  in  In- 
diana. In  August,  1904,  the  plant  was  started  up  again  and 
operated  for  three  months,  the  output  being  sold  mainly  as  a 
high-class  building  brick  for  $8.00  per  thousand.  It  will  continue 
to  put  out  the  same  grade  of  wares  in  the  future. 

The  making  of  ornamental  or  architectural  terra  cotta  of  high 
grade,  from  clay,  is  quite  a  complicated  industry,  about  15  differ- 
ent steps  or  processes  being  necessary  before  the  ware  is  ready  for 
the  structure  for  which  it  is  intended. The  terra  cotta  is  made  only 
as  orders  are  received,  each  architect  of  a  large  building  making 
his  own  designs  and  requisitions.  These  are  submitted,  in  small 
scale  drawings,  to  the  terra  cotta  company.  In  their  office  the 
drawings  of  the  architect  are  carefully  enlarged  to  the  size  of  the 
working  model,  due  allowance  being  made  for  shrinkage  in  the 
burning  of  the  clay.  From  these  drawings  plaster  of  Paris  models 
are  made  by  experienced  workmen  for  all  pieces  needed  in  dupli- 
cate. These  models  are  then  used  in  casting  plaster  of  Paris 
molds,  which  serve  to  give  shape  and  detail  of  design  to  the  future 
piece  of  clay  terra  cotta.  Where  but  one  or  two  pieces  of  a  special 
design  are  wanted,  they  are  usually  molded  direct  from  the  clay 
by  a  clay  modeling  artist 

The  only  factory  making  architectural  or  structural  terra  cotta 
in  Indiana  is  that  of  the  Indianapolis  Terra  Cotta  Company,  whose 
plant  is  located  by  the  side  of  the  Big  Four  Eailway,  near  Bright- 
wood,  a  suburb  of  Indianapolis.  This  company  began  operations 
in  1884,  and  their  wares  are  now  well  and  favorably  known  in 
all  the  larger  cities  and  towns  within  a  radius  of  250  miles.  The 
clays  used  for  the  body  of  their  wares  come  mainly  from  western 
Indiana,  the  principal  one  being  an  under-clay  from  beneath 
coal  IV,  secured  at  Brazil,  Clay  County. 

At  the  Indianapolis  factory  the  raw  clay  is  mixed  at  the  dry  pan 
with  nearly  one-half  of  its  bulk  of  burned  and  ground  clay.     This 
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is  derived  from  culls,  or  "overs,"  from  the  factory,  and  from  old 
saggars  secured  from  the  Peru  Electric  Manufacturing  Company, 
and  is  added  to  give  body  to  the  new  ware  and  render  it  less  liable 
to  crack  in  drying.  The  mixture,  after  being  run  through  the 
dry  pan,  is  elevated  and  passed  over  an  inclined  screen  into  a  hori- 
zontal pug  mill.  On  emei^ing  from  this  it  is  cut  into  chunks, 
which,  after  undergoing  a  ripening  process  in  a  small,  close  room, 
are  again  put  through  the  pug  mill.  The  material  is  then  stored 
in  a  similar  room,  from  which  it  is  taken  as  needed  for  use. 

In  the  molding  room  the  moist  clay  is  pressed  into  the  molds 
by  hand.  Each  piece  of  terra  cotta  is  left  hollow,  in  order  to 
give  it  a  decreased  weight,  but  the  interior  of  the  larger  pieces  is 
strengthened  by  cross  partitions,  built  up  by  hand,  the  intervals 
between  the  partitions  being  about  six  inches  square.  The  molds 
for  small  pieces  can  be  used  three  or  four  times  a  day,  the  ware 
drying  rapidly  enough  for  the  molds  to  be  turned  that  often.  The 
larger  pieces  often  require  a  day  or  two  before  the  mold  can  be 
turned  or  removed.  The  molds  can  be  used  only  30  to  40  times, 
and  then  go  to  the  dump  or  "bone  yard."  A  fortune  awaits  the 
man  who  invents  a  cheap  process  for  re-enlivening,  or  rendering 
fit  for  re-use,  the  plaster  of  Paris  in  these  old  molds,  which  at 
present  are  wholly  without  value. 

After  smoothing  and  removing  any  defect,  the  ware  is  taken  to 
steam  heated  dry  rooms,  where  it  is  exposed  to  a  temperature  of 
about  100  degrees  F.  for  a  period  ranging  from  two  or  three^  days 
to  a  week,  depending  upon  its  size.  Each  piece  is  then  taken  to 
the  sp>ay-room,  where  a  jet  of  a  fluid  mixture  of  clays  and  other 
ingredients  is  evenly  and  uniformly  spread  over  it  with  a  large 
atomizer.  The  object  of  this  spraying  is  to  give  the  desired  color 
to  the  burned  ware.  Clays  from  England,  New  Jersey  and  Ohio 
are  used  as  the  principal  constituents  of  the  spray  or  wash.  The 
colors  are  designed  to  harmonize  with  the  front  brick  or  other 
material  of  the  structure  in  which  the  terra  cotta  is  to  be  used. 
Shades  of  gray,  buif,  red  or  brown  are  most  in  vogue. 

After  drying  the  spray,  the  ware  is  then  taken  to  the  burning 
kiln.  In  the  Indianapolis  factory  five  kilns  are  in  use,  four  being 
cone-shaped  muffle  kilns,  with  a  capacity  of  12  to  35  tons  of  ware. 
In  them  the  different  pieces  rest  on  slabs  about  26  inches  square, 
which  form  shelves  in  the  kiln.     These  slabs  are  of  fire  clay,  and 
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rest  on  fire  clay  props  or  posts^  about  six  inches  in  diameter.  The 
length  of  post  determines  the  distance  between  the  shelves^  this 
distance  depending  upon  the  size  of  ware  to  be  burned.  After 
being  filled,  the  doorway  of  the  kiln  is  closed  and  sealed  air-tight, 
and  the  fires  then  kindled  in  the  arches  or  fire  holes  at  the  base.  A 
slow  fire  is  maintained  for  72  hours,  when  it  is  changed  to  a  full 
fire,  which  is  kept  up  for  60  to  72  hours.  The  fires  are  then  drawn 
and  the  kilns  allowed  to  cxkA  gradually,  about  a  week  being  re- 
quired for  this  process.  West  Virginia  coal  is  used  as  fuel,  a  ton 
of  cx>al  being  required  for  each  ton  of  terra  cotta.  During  the  full 
fire  a  temperature  of  1,800  degrees  F.  is  maintained.  Each  kiln 
is  fitted  with  peep  holes,  and  both  trial  pieces  and  pyrometric  cones 
are  used  to  determine  the  stage  of  burning. 

From  the  kiln  the  burned  ware  is  taken,  piece  by  piece,  to  the 
fitting  room,  where  the  pieces  for  any  one  contract  are  closely 
inspected  and  fitted  together,  after  which  they  are  loaded  directly 
into  the  cars.  No  permanent  fixed  price  is  obtained  for  the  out- 
put of  the  factory,  a  specified  price  being  made  for  each  contract 
received. 

The  ware  made  by  the  Indianapolis  Terra  Cotta  Company 
weighs  about  70  pounds  per  cubic  foot,  and  has  the  crushing 
strength  of  granite.  It  withstands  in  the  highest  degree  the  action 
of  rain,  frost  and  fire,  and  is  as  strong  and  durable  as  any  other 
building  material  known  to  architects.  AVherever  used  it  has  given 
the  best  of  satisfaction,  and  in  recent  years  the  company  has  had 
to  turn  down  numerous  orders,  the  demand  being  beyond  the  pres- 
ent facilities  of  the  plant  to  supply. 
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VI.     The  Manufacture  of  Ordinary  Building  Brick  and 

Drain  Tile. 

Ordinary  brick  and  drain  tile  are  the  crudest  forms  of  clay 
wares  made  in  the  State,  and  their  manufacture  requires  but  little, 
if  any,  technical  skill.  They  form,  however,  a  large  proportion 
of  the  commercial  output  of  such  wares,  and  the  aggregate  sum 
invested  in  the  business  of  their  making  is  a  large  one. 

In  all  the  small  factories  the  clays  used  in  their  structure  are 
either  plastic  drift  or  sedimentary  clays,  both  of  which  are  com- 
paratively common  in  all  parts  of  the  State.  The  only  prepara- 
tion which  these  clays  usually  receive  is  the  tempering  in  crude 
pug  mills.  The  bricks  are  either  made  by  hand  molding  or  on 
soft  mud  brick  machines ;  the  tile  on  a  form  of  the  auger  machine 
especially  adapted  for  the  purpose.  The  drying  of  the  bricks  is 
accomplished  by  the  air  and  sunshine  in  open  yards,  or  in  racks 
and  pallets  protected  by  sheds.  The  tile  are  dried  in  the  latter 
manner. 

The  burning  of  tile  usually  takes  place  in  rdund,  down-draft 
kilns  of  small  dimensions.  The  bricks  are  burned  either  in  per- 
manent clamp  up-draf  t  kilns,  protected  by  sheds,  or,  in  the  smaller 
yards,  in  the  old-fashioned  temporary  casing  or  scoving  kilns,  each 
of  which  is  but  a  nine-inch  wall  put  up  around  a  green  kiln  and 
taken  down  after  each  burning.  The  clamp  kilns  are  far  superior, 
and  in  the  long  run  more  economical,  as  the  labor  of  rebuilding  the 
kiln  at  each  burning  is  saved  and  a  much  larger  percentage  of  the 
bricks  burned  are  first  class. 

Shale  is  used  for  ordinary  brick-making  in  five  or  six  of  the 
larger  factories  of  the  State,  and  also  for  drain  tile  making  at  the 
three  large  factories  of  the  National  Drain  Tile  Co.,  already  de- 
scribed under  the  Hollow  Goods  Industry.  At  four  of  the  shale 
brick  factories  stiff  mud  brick  are  made  on  auger  machines,  and 
the  output  dried  before  burning  by  artificial  heat  in  tunnel  driers. 
Only  the  factories  making  shale  brick  will  be  here  treated,  the 
larger  ones,  using  surface  clay  or  a  mixture  of  surface  clay  and 
shales,  having  been  quite  fully  described  in  section  III  under 
their  proper  county  headings. 

The  largest  factory  making  ordinary  brick  in  the  State  is  that 
of  the  Marion  Brick  Works,  located  at  East  Montezuma,  Parke 
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County.  The  Carboniferous  shale  here  used  (see  page  105)  is 
dumped  by  tram  cars  into  chutes  leading  to  four  9-foot  dry  pans. 
After  being  ground  it  is  elevated  to  gravity  screens  and  from 
there  passes  through  an  American  18-foot  pug  mill  into  a  Cham- 
bers stiff  mud,  end-cut  brick  machine,  with  automatic  cut-off  at- 
tached. This  machine,  it  is  claimed,  will  make  100,000  brick  in 
nine  hours,  six  men  being  required  to  take  the  brick  from  the  belt 
conveyor  as  fast  as  made  and  place  them  on  iron  cars.  The  drying 
is  done  in  60  hours  by  a  steam-heated  progressive  tunnel,  60,000 
feet  of  one-inch  steam  pipe  being  in  use.  In  July,  1904,  the 
burning  was  done  in  nine  permanent  kilns,  holding  350,000  each, 
six  of  which  were  **Swift"  kilns,  while  three  were  fitted  up  with  the 
Boss  system.  In  addition  to  these,  two  down-draft  kilns,  holding 
85,000  each,  were  in  use.  In  the  Swift  kilns  the  burning  requires 
12  to  14  days,  while  by  the  Boss  system  the  time  is  shortened  to 
seven  and  a  half  days.  Mecca  six-inch  screened  lump  coal,  cost- 
ing $1.95  laid  down  was  being  used  in  the  boilers;  and  slack,  cost- 
ing $1.30  per  ton  in  the  kilns,  40  tons  of  the  former  and  90  of  the 
latter  being  used  each  day. 

The  plant  is  operated  by  three  engines  and  seven  boilers,  viz., 
one  125-horsepower  Atlas,  one  250-horsepower  Erie  and  one  60- 
horsepower  Alfrey,  the  latter  being  connected  with  dynamo  for 
electric  lighting.  The  water  supply  is  pumped  from  Leatherwood 
Creek,  raised  150  feet  and  stored  in  two  large  tanks  on  top  of  the 
hill  just  south  of  the  factory.  Storerooms,  blacksmith  and  repair 
shops  and  other  adjuncts  of  a  modern  factory  are  present.  The 
plant  is  run  the  year  around,  and  is  behind  in  its  orders  for  most 
of  the  time.  The  output  is  a  strong  and  durable  building  brick, 
which  brings  $6.25  to  $6.50  per  thousand  f.  o.  b.  the  cars. 

At  the  plant  of  the  Sheridan  Brick  Works,  two  miles  north  of 
Brazil,  the  shale  used  (see  page  189)  is  dumped  from  tram  cars 
by  the  side  of  three  9-foot  dry  pans.  From  these  it  passes  to  two 
Potts  and  one  Wooley  soft  mud  brick  machines,  ten  men  being 
required  to  operate  each.  The  drying  is  done  in  a  standard 
steam-heated,  24-track  progressive  tunnel,  122  feet  in  length, 
and  requires  48\ours.  Eight  up-draft  Swift  kilns,  holding  400,- 
000  each,  are  used  for  burning.  These  are  permanent  kilns,  pro- 
tected by  sheds,  and  have  tracks  for  small  coal  cars  along  the 
sides,  the  coal  being  unloaded  into  the  smaller  cars,  which  are 
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pushed  wherever  needed.  The  process  of  water  smoking  and 
burning  takes  14  days.  Brazil  coal  is  used  as  fuel,  80  tons  being 
consumed  daily  in  operating  the  entire  plant.  Power  is  fitrnished 
by  a  250-horsepower  Atlas  engine  and  a  battery  of  five  boilers. 
Four  Fairbanks  &  Dean  pumps  are  in  use  to  remove  water  from 
the  drier  and  feed  the  engine.  Blacksmith  and  repair  shops  and 
bath  room  for  the  employes  are  attached.  The  plant  is  operated 
during  the  entire  year.  The  brick  are  hard,  tough  and  of  a  hand- 
some red  color.  They  are  shipped  mainly  to  Indianapolis,  bring 
$6.76  to  $6.00  per  thousand  f.  o.  b.  at  the  plant,  and  the  demand 
is  always  in  excess  of  the  supply. 

At  the  plant  of  the  Hoosier  Brick  Co.,  two  miles  west  of  New 
Albany,  the  Knobstone  shale  used  (see  page  376),  is  dumped 
from  tram  cars  by  the  side  of  a  9-foot  dry  pan.  After  grinding 
it  is  elevated  and  passed  over  an  inclined  screen  to  a  Freese  stiff 
mud  auger  brick  machine  with  automatic  cut-off  attached.  Dry- 
ing is  done  in  a  steam-heated  tunnel  drier  for  24  hours.  Five 
kilns  are  used  in  burning,  three  being  square,  down-draft,  hold- 
ing 160,000  each ;  one  a  round  down-draft,  holding  46,000,  and 
one  a  square  up-draft,  with  a  capacity  of  330,000.  Water  smoking 
is  done  with  wood,  and  takes  five  days.  Boonville  slack  coal, 
costing  $1.20  a  ton  laid  down,  is  used  for  burning,  which  requires 
seven  days  additional*  The  output  of  the  factory  in  1904  was 
6,060,000.  They  were  shipped  mainly  to  points  tributary  to  the 
Southern  Railway  in  Southern  Indiana  and  Kentucky. 

At  the  plant  of  the  Cayuga  Brick  &  Coal  Co.  the  shale  used 
(see  page  130)  is  dumped  from  tram  cars  by  the  side  of  two 
9-foot  Stevenson  dry  pans.  After  grinding  and  screening,  it  is 
passed  through  a  12-foot  pug  mill,  and  is  made  into  stiff  mud 
brick  on  an  American  auger  machine,  with  automatic  cut-off  at- 
tached. After  repressing,  the  brick  are  dried  either  by  steam  in 
a  four-track  tunnel,  189  feet  in  length,  or  by  waste  heat  in  three 
four-track  tunnels,  100  feet  in^  length.  Forty-eight  hours  are 
required  by  the  former  process  and  36  by  the  waste  heat  process. 
Burning  is  done  in  eight  rectangular  Eudaly  kilns,  which  hold  an 
average  of  145,000  each,  the  process  taking  nine  days,  two  of 
which  are  devoted  to  water  smoking.  From  65  to  70  per  cent, 
of  "firsts"  are  secured  from  each  kiln.  These  bring  $10  per 
thousand  at  the  plant  for  use  as  front  brick,  most  of  them  being 
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shipped  to  Chicago.     The  seconds  bring  $6.00  per  thousand  for 
ordinary  use. 

At  the  plant  of  the  Acme  Brick  Works,  near  Cayuga,  Vermil- 
lion County,  the  shale  (see  page  128)  is  dumped  by  the  side  of 
a  Frey-Sheckler  dry  pan.  After  grinding,  screening  in  a  20-foot 
gravity  screen  and  pugging,  it  is  made  into  stiff  mud  brick  on  a 
Wallace  "Intermediate"  machine,  with  automatic  cut-off.  The 
brick  are  dried  by  direct  heat  for  24  hours  in  eight  single-track 
tunnels.  For  burning  eight  days  are  required,  twelve  28-foot 
round  down-draft  kilns  being  in  use.  Cates  coal,  costing  $1.76  for 
lump  or  $1.50  for  mine  run,  is  used  for  fuel.  The  brick  on  the 
yard  were  light  cherry  red  in  color,  very  hard  and  non-porous,  and 
were  having  a  ready  sale  at  $6.00  per  thousand  on  board  cars  at 
the  plant. 

At  Newport,  Vermillion  County,  all-shale  brick  are  being  made 
in  the  new  plant  of  the  Newport  Brick  <fe  Clay  Co.  The  shale 
(see  page  132)  is  dumped  by  the  side  of  a  9-foot  dry  pan,  then 
elevated,  screened  and  pugged,  and  made  into  stiff  mud  brick  on 
a  Wallace  Little  Wonder  machine,  with  Raymond  automatic  cut- 
off. The  brick  are,  for  the  most  part,  repressed,  then  dried  on  a 
"hot  floor"  of  cement  by  waste  steam  for  36  to  42  hours.  Burn- 
ing is  done  in  seven  to  nine  days  in  six  square,  down-draft  kilns, 
holding  150,000  each.  Clinton  coal,  costing  $2.00  per  ton  laid 
down,  is  used  as  fuel.  The  brick  are  hard,  tough  and  durable, 
and  find  a  ready  market. 

Drain  Tile  Factories  of  Indiana. — A  number  of  factories  are 
engaged  in  making  drain  tile  on  an  extensive  scale  in  Indiana. 
The  pioneer  of  these,  the  Suramitville  plant  of  the  National 
Drain  Tile  Co.,  has  been  fully  described.*  Several  others,  almost 
as  large,  which  use  surface  clays  as  the  raw  material,  were  not 
visited  on  account  of  lack  of  time.  The  statistics  regarding  their 
output,  etc.,  will,  however,  be  found  in  the  table  at  the  end  of 
the  paper  under  the  heading  "Statistics  of  Ordinary  Building 
Brick  and  Drain  Tile."  The  only  three  which  will  be  mentioned 
briefly  in  this  connection  are  those  of  the  National  Drain  Tile 
Co.,  at  Montezuma,  Hillsdale  and  Terre  Haute.f  "In  dimensions 
the  Hillsdale  and  Terre  Haute  plants  are  the  same,  208x80  feet, 

^See  ander-olays  of  Madison  Co.,  p.  424. 

t  For  location,  oharaoter  of  shalei  used,  etc.,  at  each  of  theie' plants,  bm  under-olayi  of 
Parke,  Vermillion  and  Vigo  Coanties.  pp.  106, 144, 161. 


620  REPORT  OF  STATE  GEOLOGIST. 

and  three  stories  high,  with  engine,  boiler  and  machinery  rooms, 
128x40  feet,  adjoined,  while  the  Montezuma  plant  is  smaller. 
The  Terre  Haute  factory  is  solidly  built  of  concrete  and  hollow 
building  block,  fitted  with  the  latest  improved  machinery,  heated 
by  steam  and  lighted  by  acetylene  gas,  while  the  other  two  are 
frame,  the  one  at  Hillsdale  having  dynamo  for  lighting  and 
pumping.  At  each  of  these  plants  the  tile  are  made  by  the  same 
process,  the  shale  being  dumped  by  tram  cars  into  chutes  leading 
into  a  Taplin-Rice  steel  dry  pan,  where  it  is  ground.  From  there 
it  is  elevated  to  the  third  or  fourth  floor  and  passed  over  screens, 
thence  to  the  pug  mill,  thence  to  a  conveyor,  which  is  reversible  in 
its  movements,  carrying  the  shale,  at  the  will  of  the  operator, 
either  to  one  of  Madden  &  Co.'s  auger  machines  or  to  a  Taplin- 
Rice  steam  press,  according  to  whether  small  or  large  tile  are  to 
be  made,  four  to  seven-inch  being  made  on  the  Madden  machine, 
while  eight  to  30-inch  are  made  on  the  steam  press."  Eight  men 
are  required  at  each  of  the  larger  presses  in  making  the  tile,  con- 
veying them  to  dry  floors  and  rounding  up  the  ends. 

At  each  of  the  factories  the  wares  are  dried  on  steam-heated 
sewer  pipe  floors.  At  Hillsdale  and  Terre  Haute  the  three  dry 
floors  are  80x208  feet  in  size,  and  hold  2,600  16-inch  tile.  The  dry- 
ing takes  from  seven  to  nine  days,  the  temperature  averaging  80° 
in  winter  and  110°  in  summer  in  each  room.  The  lower  floors  are 
laid  on  concrete  sills,  3x3  feet  in  size.  On  top  of  these  are  4x8- 
inch  oak  sills,  on  which  rest  uprights  of  Southern  pine,  12  inches 
square,  supporting  the  upper  floors.  Burning  is  done  in  standard 
30-foot  round  down-draft  kilns.  Ten  of  these  are  in  use  at  the 
Montezuma  plant  and  14  each  at  the  Hillsdale  and  Terre  Haute 
plants.  Each  kiln  holds  about  $450  worth  of  tile,  the  small  size 
being  nested  in  the  larger  ones.  A  kiln  each  day  is  the  average 
output  of  each  of  the  two  larger  plants,  this  average  being  kept 
up  for  months  at  a  time.  At  the  Montezuma  plant,  Mecca  coal, 
costing  $1.95,  and  at  the  Hillsdale  plant  Clinton  coal,  costing 
$1.40  per  ton  laid  down,  is  used. 

The  facilities  of  the  National  Drain  Tile  Co.  for  manufacturing 
and  shipping  tile  cannot  be  surpassed,  and  their  wares  have  a 
large  sale  and  a  wide  reputation  for  excellence  of  quality. 

In  order  to  secure  as  full  statistics  as  possible  relative  to  the 
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manufacture  of  ordinary  building  brick  and  drain  tile  in  each 
county  of  the  State,  a  copy  of  the  following  blank  form  was  mailed 
to  each  manufacturer  whose  yard  was  not  visited  in  person : 

STATISTICS    OF    THE    CLAY    INDUSTEIES    OF   INDIANA. 

1.  Name  of  firm  or  individual 

2.  Location   

3.  Began  operations  in  what  year? 

4.  Nature  and  thickness  of  clays  used — surface  clay?  shale? 
under-clays?    

5.  Character  ^nd  thickness  of  stripping 

6.  Amount  of  capital  invested 

7.  Kinds  of  materials  made '. 

8.  Number  and  kind  of  kilns 

9.  Kiln  capacity 

10.  Kinds  of  machinery  used 

11.  Methods  of  drying  products 

12.  Annual  output  in  1904;  if  brick,  number  of  thousand 

13.  Value  of  products  in  1904 

14.  Number  of  hands  employed  in  1904 

15.  Average  daily  wages  paid  in  1904 

16.  Number  of  months  worked  in  1904 

From  the  returns  and  the  data  gathered  personally  the  follow- 
ing table  has  been  prepared,  which  contains,  in  condensed  form, 
the  m(jre  important  statistics  regarding  the  building  brick  and 
drain  tile  industry  in  the  State  for  the  year  1904 : 
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VII.     The  Pboduction  of  Clay  foe  Shipment. 

Haw  clay  is  produced  and  shipped  from  a  number  of  points  in 
Indiana.  At  some  places  it  is  in  part  ground  before  shipping ;  at 
others  it  is  loaded  directly  from  the  mine  or  pit  into  the  car. 

Within  the  past  five  years  three  factories  have  been  erected  in 
Vermillion  County  to  prepare  by  grinding  for  shipment  the  under- 
clay  No.  10,  found  beneath  coal  VIb  in  the  area  between  Hills- 
dale and  Newport.  At  the  plant  of  the  Hoosier  Clay  Works,  a 
mile  and  a  quarter  west  of  Hillsdale,  the  under-clay  is  dumped 
from  tram  cars  by  the  side  of  a  9-foot  dry  pan.  After  grinding 
the  clay  is  elevated  and  passes  over  a  gravity  four-foot  "piano 
screen."  This  furnishes  a  coarse-grained  product.  If  one  of  finer 
gi*ain  is  desired,  the  clay  is  passed  over  an  eight-foot  1-6-inch  per- 
forated steel  screen.  One  hundred  tons  of  the  coarse  or  70  tons 
of  the  finer  can  be  ground  and  screened  in  ten  hours,  or  an  aver- 
age carload  in  three  and  a  half  hours.  Three  hands  are  employed, 
viz.,  engineer,  pan  feeder  and  car  loader,  the  ground  clay  passing 
through  chutes  leading  from  a  large  storage  bin  below  the  screens 
to  the  cars  on  sidetracks.  Three  men  are  employed  in  the  mine, 
the  clay  being  delivered  at  the  plant  for  45  cents  per  ton. 

At  the  Wabash  Valley  Clay  Works,  one-half  mile  south  of 
West  Montezuma,  but  one  grade  of  clay  is  produced,  a  9-foot 
Wooley  dry  pan  and  10-foot  gravity  screen  being  used.  No 
storage  bin  is  in  the  plant,  the  clay  being  ground  only  as  orders 
are  received,  and  passing  from  the  screen  directly  into  the  car. 
The  clay  costs  about  40  cents  per  ton  at  the  plant,  and  the  expense 
of  grinding  is  15  cents. 

The  D.  N.  Lanyon  plant,  located  three-quarters  of  a  mile  north 
of  West  Montezuma,  is  equipped  with  a  9-foot  dry  pan  and  18-foot 
gravity  screen  and  a  storage  bin  holding  15  carloads  of  ground 
clay. 

In  addition  to  these  plants,  which  have  been  erected  for  the 
special  purpose  of  grinding  clay  for  the  market,  the  larger  manu- 
facturing plants  of  the  Bums  &  Hancock  Fire  Brick  Co.  and 
the  Southern  Fire  Brick  &  Clay  Co.  also  grind  and  ship  large 
quantities  of  the  under-clay  No.  10. 
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The  following  table  comprises  the  statistics  of  the  production  of 
clay  in  Indiana  for  lOO-l.  In  compiling  these  figures,  only  the 
clay  sold  by  the  producer  has  been  considered,  that  manufactured 
by  the  producer  not  being  taken  into  account : 

SUUiitiea  of  the  Raw  and  Ground  Clay  Industry  in  Indiana  for  the  Year  1904, 


NAME  OF 

PRODUCER. 


, 

• 

o 

» 

Location. 

Kind  of  Clay. 

«8  a 

n  o 

«H 

9 

^^ 

9 

eS  o 

* 

(A 

> 

£525 


9 

> 


Burns  &  Hancook 
Fire  Brick  Co. 


I 


Southern  Fire 
Brick  and  Clay 
Co. 


Hoosier 
Work!. 


Clay 


Wabash      Valley 
Clay  Co. 


D.  N.  Lanyon 


Bockting  Bros 


Huntingburg 
Pressed  Brick  Co 

Pyrab   Coal    and 
Clay  Co. 


Benj.  Simpson.... 

J.  V.  Ayer 

John  C.  Boss 


Brazil  Block  Coal 
Co. 


Zack  Messick 
ToUl 


W.  Montezuma, 
Vermillion 
County. 

W.  Montezuma, 
Vermillien 
County. 

Hilltdale,     Ver- 
millionConnty 

Hillsdale,     Ver- 
million County 

Hillsdale.     Ver- 
million County 

Huntingburg, 
Dubois  County 

Huntingburg, 
Dubois  County 

Brazil,     Clay 
County. 


Carbon,   Olay 
County. 

Brazil,    Clay 
County. 

Elkhart,  Elkhart 
County. 

Saline  City,  Clay 
County. 


Freedom,    Owen 
County. 


Under-clay  No.  10 


Under- clay  No.  10 


Under-clay  No.  10 


Under-clay  No.  10 , 


Under-clay  No.  10 


Plastic  potters'  olay, 
for  stoneware. 

Plastic  potters'  clay, 
for  stoneware. 

Plastic  under-clay, 
for  stoneware,  en- 
caustic tile,  etc. 

Under-clay  beneath 
No.  Ill  Coal. 

Under-day  beneath 
No.  IV  Coal. 

Slip  clay,  for  glazing 
stoneware. 

Plastic    under-clay. 
for  enameled  brick 
and  tile. 

Pinkish  plastic  clay, 
for  encaustic  tile. 


3,060 


2,800 
4,380 
2,610 

1,600 

3,706 

260 

4,966 

200 
23,490 


$918 


2,800 
6,675 
2,610 

2,100 

2.779 

260 

4,986 

260 
$22,267 


2,000 

6,726 

4,600 
1,670 
6,000 


$2,600 

6,726 

4,600 
1,913 
4,800 


600 


760 


20,296 


$20,189 


feEPORT  OF  STATE  INSPECTOR  OF  MINES. 


Office  of  Inspector  of  Mines, 
Indianapolis,  Indiana,  March  4,  1905. 

Prof.  W.  S,  Blatchley,  State  Oeologist: 

Dear  Sir:  I  have  the  honor  to  submit  to  you  herewith  my 
sixth  annual  report  as  Inspector  of  Mines,  covering  the  calendar 
year  of  1904,  and  being  the  Twenty-sixth  Annual  Report  of  this 
Department  and  the  fourteenth  made  to  the  Department  of  Geol- 
ogy and  Natural  Resources. 

I  trust  it  will  receive  your  approval  and  be  found  worthy  of  con- 
sideration by  the  public. 

JAMES  EPPERSON, 
Inspector  of  Mines. 
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ANNUAL  KEPORT. 


STATISTICS  OF  COAL  AND  GENERAL  INFORMATION  PERTAIN- 
ING  TO  THE  MINEJS   OF   INDIANA   FOR  THE  YEAR 
ENDING  DECEMBER  31,  1904. 

This  report  includes,  or  covers,  the  following  subjects  or  topics 
arranged  in  the  order  enumerated:  Conditions  of  Coal  Trade, 
Labor  Conditions,  iline  Accidents  and  Statistics.  Under  Condi- 
tions of  Coal  Trade  a  general  review  of  the  coal  business  for  the 
past  year  is  given  as  fully  as  possible.  Under  the  head  of  Labor 
Conditions  we  include  strikes  that  have  occurred,  Terre  Haute 
and  Brazil  Agreements  and  other  conditions  relating  to  labor. 
Under  Mine  Accidents  various  tables  are  given  exhibiting  the 
cause,  number  and  frequency  of  accidents  to  mine  employes ;  also, 
accidents  to  mine  property.  Under  the  statistical  part  of  the 
report  niunerous  tables  are  presented  showing  the  production  of 
the  different  kinds  and  grades  of  coal,  amount  of  wages  paid  to 
employes,  the  number  of  persons  employed  in  the  different  capaci- 
ties, number  of  mules  used,  number  of  mining  machines,  tables 
of  averages,  comparative  tables,  directory  of  mines  and  a  table 
showing  the  geological  number  of  coal  seam  mined  and  character 
of  roof  and  floor  at  each  mine  in  the  State. 

In  the  following  summary  will  be  found  most  of  the  important 
totals^ for  the  State  for  the  year : 

Number  of  counties  haying  shipping  mines 14 

Number  of  coal  companies  operating  mines 137 

Number  of  mines  working  more  than  ten  men 210 

Number  of  new  coal  companies  organized 23 

Number  of  new  mines  opened 42 

Number  of  mines  abandoned 10 

Number  of  pick  miners  employed 8,806 

Number  of  machine  runners 38U 

Number  of  machine  helpers 380 

Number  of  loaders 3,040 

Number  of  inside  day  and  monthly  men  employed 3,449 

Number  of  outside  day  and  monthly  men  employed 1.777 
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Total  number  of  all  mine  employes 17,838 

Number  of  mules  used 1,421 

Number  of  electric  chain  machines 291 

Number  of  compressed  air  punching  machines 104 

Total  number  of  mining  machines 395 

Number  of  electric  motors  SO 

Number  of  dynamos  *      67 

Number  of  compressors  28 

Total  number  days  mines  have  been  operated 29,641 

Total  tons  of  hand-mined  block  coal 640,567 

Total  tons  machine-mined  block  coal 86,505 

Total  tons  block  coal  727,072 

Total  tons  bituminous  hand-mined  coal 5,645,663 

Total  tons  bituminous  machine-mined  coal 3,499,660 

Total  tons  bituminous  coal  produced   9,145,332 

Total  tons  hand-mined  coal  produced 6,286,230 

Total  tons  machine-mined  coal  produced ^586.174 

Total  tons  of  coal  produced  9,872,404 

Total  tons  of  coal  consumed  in  Indiana 5,304,906 

Total  tons  of  coal  shipped  outside  of  the  State 4,567,898 

Amount  of  wages  paid  to  miners   15,865,033  63 

Amount  of  wages  paid  to  outside  day  and  monthly  men 1,146^871  t>4 

Amount  of  wages  paid  to  inside  day  and  monthly  men 2,153,499  11 

Total  amount  of  wages  paid  to  all  employes 9,165,404  64 

Amount  of  money  spent  on  improvements 74,230  85 

Total  number  of  fatalities   34 

Total  number  of  serious  accidents 132 

Total  number  of  minor  accidents 81 

Total  number  of  accidents  to  employes 247 

Total  number  of  accidents  to  mine  property 12 
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TABLE 


Showing  by  Mmths  aipi  by  Counties  the  Number  of  Toru  Mined  and  Wages  Paid  to 
Employes  for  the  Year  1904  at  Mines  Employing  More  Than  Ten  Men, 


MONTH. 


CLAY  COUNTY. 


January .. 
February . 

March 

April. 

May 

June 

July 

Auirnst  ... 
September 
October . . . 
November 
December 

Total.. 


Tonnage. 


104,907 
108.216 
]0«),756 
62»917 
45.839 
47,761 
58.563 
75,311 
73,606 
80,796 
85,406 
89,966 


i  20,043 


Wages. 


$132,870  31 

126,532  89 

120,422  21 

64,912  26 

58,474  10 

63,653  30 

72,955  20 

103,159  60 

96,997  53 

96,979  95 

99,323  42 

1>  6,705  05 


$1,142,523  33 


DAVIESS  COUNTY. 


Tonnage. 


16,571 

17,966 

16.595 

12,094 

84)83 

8,004 

6.289 

9,076 

9.004 

9,786 

10,201 

10,601 


133,270 


Wagea. 


$17,219  75 

18,934  77 

18,441  37 

13.937  42 

10,559  79 

9,324  32 

7,282  67 

10,115  20 

9,3^6  90 

10,213  49 

11,113  98 

10.068  46 


$146,498  49 


MONTH. 


FOUNTAIN  COUNTY. 


GIBSON  COUNTY. 


January . . 
February  . 

March 

A  pril 

May , 

June 

July 

August  ... 
September 
October . . . 
November 
December. 

Total. 


4,335 
4,663 
3,223 
2,606 
4,329 
5,050 
3,564 
6,154 
5,677 
5,785 
4,935 
5,699 


65,910 


$5,406  02 
5.447  31 
3,64127 
2,898  66 
4,307  17 
6,163  78 
4,020  36 
6,238  52 
5,989  87 
6,150 
5,474 
5,654 


09 
29 
98 


$60,392  32 


$8319  99 
8,305  31 

11,677  91 
5,626  15 
3,427  45 
3.874  21 
6,229  07 
6,345  64 
7,101  08 
9,672  99 
9,463  03 

10,539  41 


$90,082  24 


MONTQ. 


GREENE  COUNTY. 


KNOX  COUNTY. 


January . . 
February . 

March 

April 

May 

June 

July 

August.... 
September 
October... 
November 
December. 

Total  . 


222,487 
2»7,798 
249.538 
127,737 
134,897 
148,185 
142,964 
172,028 
179,531 
201,526 
243,257 
248,066 


2,307,964 


$197,602  37 
203,292  05 
209,745  93 
114,415  75 
123,378  63 
136,901  16 
127.684  63 
150,306  82 
158,535  16 
176.976  64 
192,360  79 
193,106  07 


$1,984,305  00 


15,428 

16,993 

17,715 

8.954 

6,596 

6,106 

6.032 

7,250 

12,932 

15,040 

17,998 

19,528 


150,567 


$14,875  84 

13,828  59 

14,973  06 

8,034  49 

6,034  55 

6.127  80 

5,817  34 

6,849  21 

9,697  58 

13,521  90 

15,005  26 

17,367  75 


$132,132  80 
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MONTH. 


PARKB  COUNTY. 


Tonnage. 


Wages. 


PERRY  COUNTY. 


Tonnage. 


Wages. 


January . . 
February  . 
March  .... 

April 

May 

June 

July 

August  ... 
September 
October . . . 
November 
December 

Total  . 


89;578 
90,981 
85,605 
41.890 
33,833 
48,696 
56,039 
80,281 
77,339 
74,594 
81.797 
82.944 


813,377 


$111,191  S3 

109.821  64 

103,779  41 

57.410  68 

45,505  05 

58,724  04 

72,167  14 

100,041  00 

93,397  17 

78,'.00  98 

80,669  91 

82,220  69 


$993,317  04 


206 
269 
1,217 
1,268 
705 
735 
753 
854 
566 
204 
235 
263 


7,275 


8312  76 
414  63 
1,273  58 
1,153  64 
815  49 
762  94 
793  71 
819  78 
607  20 
291  79 
361  89 
352  50 


S7,969  41 


MONTH. 


PIKE  COUNTY. 


SULLIVAN  COUNTY. 


January 

February  

March 

April 

May  

June 

July # 

August 

September.... 

.October 

November 

December 

Total  


87,681 
40,127 
37,770 
26,772 
23,773 
16,633 
7,558 
29,600 
36,247 
36,682 
43,312 
42.956 


349,133 


$33,896  09 
35,091  77 
32,657  25 
17,956  19 
16,114  83 
15,968  89 
4,242  16 
21.526  05 
26,168  07 
32,993  20 
35,295  06 
26,208  67 


$298,108  23 


124,036 
128,765 
122.629 

87,717 
86.855 
92,116 
166,189 
138;^.70 
145,026 
167,372 
192,0^ 
205,539 


1,589,974 


$124,590  87 

120,135  13 

114,904  07 

84,676  99 

88,270  53 

86,293  15 

95,545  04 

126,575  94 

135,059  76 

138,219  22 

156,571  95 

174,908  74 


$1,437,746  39 


MONTH. 


VANDERBURGH  COUNTY. 


VERMILLION  COUNTY. 


January . . 
February  . 
March  .... 

April  

May 

June 

July 

August  ... 
September 
October . . . 
November 
December 

Total  . 


22,972 
24,640 
18,533 
14,252 
9,542 
7,646 
10,179 
15,012 
29,226 
29,745 
27,703 
27475 


237,625 


$23,345  17 
24,983  24 
18,527  48 
14,590  43 
10,230  47 
10,468  99 
10,242  27 
20,536  99 
25,813  64 
27,820  m 
24,099  95 
23,761  62 


$234,911  18 


89,782 

99,033 

120.724 

48,262 

82,471 

89,169 

74,469 

82,951 

95.829 

102,229 

119,265 

117,566 


1,131,750 


$76,470  09 
80,363  62 
90,845  90 
37,144  65 
68,324  61 
73,043  92 
72,035  52 
70,471  69 
94,692  13 
84,640  90 
96,210  46 
86,805  86 


$931,049  25 


MONTH. 


VIGO  COUNTY. 


WARRICK  COUNTY. 


January . . 
February  . 
March  — 

April 

May 

June 

July 

August 

September 
October . . . 
November 
December. 

Total.. 


147,039 
160,376 
173,749 
100,488 
113,303 
108.443 
115,<y20 
152,554 
139,754 
154,109 
171,756 
182,431 


1.719,021 


$136,986  67 
144,866  67 
148,753  82 

83,087  32 
103,127  63 

92,027  70 
108,516  Gl 
124,473  21 
126,103  34 
133,727  48 
148.139  43 
142,450  52 


$1,491,498  04 


33,140 
31,404 
37,316 
20,796 
19,W7 
21,690 
2^280 
26.889 
26,696 
37,355 
27,214 
37,253 


$20,688  50 
19,794  41 
22.167  90 
16,396  36 
12.463  96 
13.661  06 
14,016  40 
16,113  07 
16.292  01 
'18,577  85 
21,027  19 
22,219  34 


341,900  I       $212,418  64 


CONDITION    OF    COAL    TRADE. 


CONDITION  OF  COAL  TRADE. 

The  coal  business  in  general  throughout  the  State  fo 
1904  was  not  as  profitable  to  the  mine  owner  as  it  Vi 
the  preceding  five  or  six  years.  The  selling  price  o: 
been  very  low,  ranging  from  00  cents  to  $1.20  per  tor 
run  coal  at  the  mine,  and  a  majority  of  the  mines,  espe< 
ing  the  spring  and  summer  months,  were  operated  less 
time.  The  total  production,  which  reached  9,872,404  | 
shows  a  decrease  of  120,149  tons,  or  a  fraction  over 
cent,  under  1903.  This  was  a  very  small  decrease  in  p 
and  to  those  not  conversant  with  the  situation  it  wi 
should  not  distress  the  business  to  any  considerable  e^ 
considering  the  fact  that  forty-two  new  mines  have 
operation  during  the  year,  which  have  helped  to  furnis 
production,  it  can  be  readily  understood  why  the  minei 
been  operated  so  steadily  and  why  prices  have  been 
large  ^increase  in  the  nimiber  of  new  mines  and  the  ( 
increased  demand  for  cars  and  transportation  faciliti 
thereby  being  more  than  the  railroads  could  meet,  \\ 
responsible  for  the  depressed  condition  of  the  business 
gregate  wages  paid  in  1904  was  $9,165,404.38,  an  inc 
1903  of  $15,832.26,  or  a  fraction  over  1-10  of  1  per  < 
fact  that  this  report  shows  a  decrease  in  production  ! 
crease  in  expenditure  may  seem  strange.  The  foUowii 
how^ever,  will  explain  the  situation  thoroughly,  viz. : 
fixed  operating  expense  at  each  mine,  whether  the  mil 
eration  or  not,  and  where  a  mine,  has  been  operated  bi 
ten  days  during  the  month  there  is  a  large  balance  to  1 
for  operating  expense  for  the  days  the  mine  has  been 
other  reason  for  the  increase  in  expenditures  was  the  : 
majority  of  the  new  companies  have  reported  as  wages 
of  money  paid  to  employes  during  the  time  of  develc 
property  and  before  the  mine  had  reached  a  producir 
worth  mentioning. 

The  total  number  of  employes  for  1904  was  17,838  j 
of  2,710  employes  over  1903,  and  the  average  wage  t 
the  average  earnings  to  be  $465.03  per  miner,  $624.38 
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day  and  monthly  men  and  $646.96  per  outside  day  and  monthly 
men.  Considering  the  number  of  days  the  mines  were  idle  and 
time  lost  from  other  causes  the  above  figures  speak  very  favorable 
for  the  earning  capacity  of  persons  employed  at  Indiana  mines. 

NEW  DEVELOPMENT. 

The  year  1904  marks  the  greatest  period  in  the  development  of 
mining  properties  in  the  history  of  the  State.  During  that  period 
twenty-three  new  coal  companies  were  organized  and  forty-two 
new  mines  opened  and  developed,  which  are  distributed  in  the 

different  counties  as  follows : 

« 

Clay  County,  five  new  coal  companies  and  fourteen  new  mines, 
nine  block  and  five  bitmninous;  Greene  County,  two  new  com- 
panies and  three  new  mines;  Gibson* County,  one  new  company 
and  one  new  mine;  Knox  County,  two  liew  companies  and  two 
new  mines ;  Parke  Coimty,  two  new  mines ;  Perry  County,  one  new 
company  and  one  new  mine;  Sullivan  County,  seven  new  com- 
panies and  eleven  new  mines;  Vermillion  County,  one  new  com- 
pany and  two  new  mines ;  Vigo  County,  three  new  companies  and 
five  new  mines ;  Warrick  County,  one  new  company  and  one  new 
mine. 

In  addition  to  the  new  mines  opened,  three  of  the  older  ones, 
viz.,  the  Keystone,  at  Shelburn;  Hymera  No.  1  and  the  Island 
Valley  No.  3,  have  been  sunk  to  seams  at  a  lower  depth.  As 
shown  by  the  table  of  new  mines,  twenty-two  are  hand,  or  pick, 
mines ;  twenty  electric  chain  machine  mines,  and  three  compressed 
air  punching  machine  mines,  the  greater  number  of  which,  espe- 
cially those  in  the  bituminous  field,  have  been  equipped  with  the 
latest  improved  machinery  of  all  kinds,  such  as  box  car  loaders, 
shaker  screens,  self -dumping  cages,  etc.,  and  should  approximately 
increase  the  coal-producing  capacity  of  the  State  at  least  20  per 
cent 

We  submit  herewith  a  table  exhibiting,  by  counties,  the  names 
of  the  companies  operating  these  new  mines,  the  names  of  the 
mines,  the  railroad  on  which  they  are  located,  the  geological  num- 
ber and  thickness  of  coal  seams,  by  feet  and  inches ;  size  and  depth 
of  shaft,  kind  of  machines  used,  when  mines  were  opened  and 
when  first  shipment  of  coal  was  made. 
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1MPEOVEMENT8    IN    MINES. 


IMPKOVEMENTS. 


The  monthly  reports  of  coal  companies  made  to  this     I 
ing  the  year  just  ended  show  an  aggregate  of  $74,230.1 
ing  been  expended  on  improvements  of  various  kinds 
different  mines.    The  following,  while  not  representing  i 
amount  of  money  expended,  shows  some  of  the  most    i 
improvements  made : 

CLAY  COUNTY. 

The  Brazil  Block  Coal  Company  installed  a  ten-foot  1 
fan,  encased  in  steel,  at  their  No.  8  Mine,  which  has  m 
improvement  in  the  ventilation  of  that  mine. 

GREENE  COUNTY. 

The  Island  Coal  Company  have  installed  electric  nioto 
in  their  Island  No.  1  Mine. 

The  L.  T.  Dickerson  Coal  Company  have  installec 
motor  haulage  in  their  Glenbum  mine,  and  have  also  ma 
sive  changes  in  the  arrangement  of  the  shaft  bottom 
increasing  the  capacity  of  the  mine,  as  well  as  redii 
operating  expense  of  handling  the  coal. 

The  Black  Creek  Coal  Company  have  also  installec 
motor  haulage  in  their  Black  Creek  Mine. 

PIKE  COUNTY. 

The  S.  W.  Little  Coal  Company  have  installed  electi 
haulage  in  their  S.  W.  Little  Mine,  and  have  made  oth 
sive  improvements  in  and  around  the  mii-e.  Prior  to  t! 
duction  of  the  motors  this  mine  was  using  twenty-one  m 
producing  600  tons  of  coal  per  day.  At  the  present  time 
producing  800  tons  per  day  and  using  eleven  mules,  wh 
cates  a  large  saving  in  operating  expenses. 

VANDERBURGH  COUNTY. 

The  Ingle  Coal  Company  have  retimbered  the  hoisting 
their  Ingle  Mine,  and  have  sunk  a  new  manway  during  t 
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The  Crescent  Coal  Company  have  installed  a  new  set  of  first 
motion  hoisting  engines,  built  a  new  engine  room  and  have  remod; 
eled  the  tipple  at  their  Unity  Mine.  This  mine  is  now  the  largest 
producer  in  the  county. 

The  Sunnyside  Coal  Company  have  retimbered  the  hoisting 
shaft  at  the  Sunnyside  Mine  and  built  a  new  tipple,  in  addition 
to  extensive  repairs  in  the  interior  of  the  mine. 

WARRICK  CX)UNTY. 

The  Charles  Menden  Coal  Company  have  equipped  their  De 
Forrest  Mine  with  compressed  air  punching  machines^  and  have 
installed  a  ten-foot  ventilating  fan.  The  ventilation  here  had 
previously  been  furnished  by  a  furnace.  Since  the  installing  of 
the  fan  conditions  have  improved  very  much. 


CHANGES  IN  OWNERSHIP  OF  MINING  PROPERTIES. 

The  Fortner  Mine,  located  near  Turner,  in  Clay  County,  for- 
merly owned  by  the  C.  Ehrlich  Coal  Company,  was  sold  to  the 
Star  Union  Coal  &  Oil  Company  in  May.  The  mine,  for  some 
reason,  has  been  operated  but  two  months  by  the  present  owners. 

The  Little  Giant  Mine,  owned  by  the  L.  T.  Dickason  Coal 
Company,  changed  hands  in  October,  and  is  now  the  property  of 
the  Coal  Bluff  Mining  Company.  This  mine  is  located  on  the 
Monon  branch  of  the  I.  C.  Railroad,  in  Sullivan  County. 

The  Rhodes  Mine,  located  on  the  C.  &  E.  I.  R.  R.,  near  Clin- 
ton, in  Vermillion  County,  formerly  the  property  of  the  Rhodes 
Coal  Company,  was  sold  in  January  to  J.  K.  Deering  &  Co.,  of 
Chicago,  who  are  now  operating  it  to  its  full  capacity. 

The  Star  No.  2  Mine,  located  at  Newburg,  in  Warrick  County, 
owned  by  the  John  Archibald  Coal  Company,  was  purchased  dur- 
ing the  spring  by  the  Ohio  River  Coal  Company.  This  mine  has 
been  operated  for  a  number  of  years  as  a  local  mine,  furnishing 
employment  for  less  than  ten  miners.  Since  changing  hands  the 
present  company  have  sunk  a  manway  and  made  numerous  other 
improvements,  with  a  view  of  increasing  the  output,  and  about 
thirty  miners  are  now  employed. 


MINES  ABANDONED  IN  1904.  6Y3 

ABANDONED  MINES. 

Ten  mines  were  abandoned  during  the  year,  six  of  which  were 
block  and  four  bituminous  mines.  We  give  herewith  a  list  of  the 
names  of  abandoned  mines,  companies  operating  same,  date  of 
abandonment,  and  the  counties  in  which  the  mines  were  located : 

CLAY  COUNTY. 

Brazil  Block  Coal  Company,  Diamond  No.  5 ;  mine  abandoned 
September  15. 

Zellar,  McClellan  &  Co.,  Lawrence  No.  6;  mine  abandoned 
May  30. 

Crawford  Coal  Company,  Crawford  No,  2;  mine  abandoned 
June  8. 

Crawford  No.  7 ;  abandoned  during  the  month  of  November. 

Eureka  Block  Coal  Company,  Eureka  No.  3 ;  mine  abandoned 
during  the  month  of  January. 

DAVIESS  COUNTY. 

Cabel  &  Kaufman  Coal  Company,  Cabel  No.  9 ;  mine  flooded 
and  abandoned  in  March. 

Daviess  County  Coal  Company,  Montgomrey  No.  2 ;  mine  aban- 
doned March  5. 

PARKE  COUNTY. 

New  Century  Coal  Company,  New  Century;  mine  abandoned 
in  May. 

Crawford  Coal  Company,  Mcintosh  No.  3,  or  Crawford  No. 
10 ;  mine  abandoned  May  9. 

SULLIVAN  COUNTY. 

Ilymera  Coal  and  Mining  Company,  Hymera  No.  1;  mine 
abandoned  No.  V  coal  seam  May  1  and  sunk  to  No.  IV. 

VIGO  COUNTY. 

Coal  Bluff  Mining  Company,  Union ;  mine  abandoned  in  March. 

Note. — The  Hymera  Coal  and  Mining  Company  have  mined 
out  and  abandoned  two  coal  seams  at  their  Hymera  No.  1  mine, 
coal  No.  V  and  No.  VI. 
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STRIKES  AXD  OTHEE  LABOR  CONDITIONS. 

Numerous  strikes  of  a  local  character  have  occurred  throughout 
the  State  during  the  past  year,  which  have  affected  only  individ- 
ual mines,  with  but  three  exceptions.  These  were  of  such  short 
duration  as  to  require  no  special  mention. 

One  of  the  exceptions  referred  to  was  a  strike  of  the  drivers  at 
the  Indiana  Bituminous  Coal  Company's  Fairview  Mine,  located 
near  Turner,  in  Clay  County.  The  mule  barns  here  are  about 
one  mile  distant  from  the  mine,  and  the  drivers  thought  it  was 
not  a  part  of  their  day's  work  to  bring  the  mules  from  these  barns 
to  the  mine  before  working  hours  in  the  morning  (7  o'clock). 
They  refused  to  conform  with  the  rules  of  the  mine,  and  thfs 
resulted  in  a  strike  June  7th.  Since  that  time  the  mine  has  not 
been  in  operation. 

A  strike  occurred  August  1st  at  the  Coal  Bluff  Mining  Com- 
pany's Harrison  No.  3  Mine.  This  was  caused  by  the  miners 
refusing  the  company  permission  to  drive  nothing  but  entries 
during  the  dull  season.  The  reason  given  by  the  company  for  ask- 
ing such  permission  was  on  account  of  the  small  demand  for  coal 
just  at  that  time.  They  could  not  dispense  of  the  product  of  the  en- 
tire mine,  and  tliought  by  driving  nothing  but  narrow  work  they 
could  increase  the  number  of  working  plac<?s,  thereby  employing  a 
larger  force  of  miners  and  increasing  the  capacity  of  the  mine  when 
the  market  demanded  it  later  in  tho  season.  Work  was  resumed 
after  the  mine  had  been  idle  about  four  weeks,  but  it  was  not 
learned  on  what  terms  a  settlement  was  made. 

On  April  1st  a  strike  occurred  at  the  Knox  Mine,  located  near 
Bicknell,  in  Knox  County.  The  trouble  here  was  caused  by  a 
diffei'ence  between  the  operators  and  miners  as  to  the  time  when 
shot  firing  should  begin.  Prior  to  this  the  time  for  firing  shots 
had  been  3:15  o'clock  p.  m.,  but  as  a  new  contract  took  effect  on 
the  above  date,  the  company  insisted  on  3 :30  as  firing  time.  The 
miners  demanded  a  continuance  of  the  previous  conditions,  and 
after  an  idleness  of  five  months  the  company  conceded  their 
demand  and  operations  were  again  resumed  at  the  mine. 

The  national  joint  convention  of  operators  and  United  Mine 
Workers  of  America  was  held  in  Indianapolis  during  the  month 
of  February,  at  which  time- a  contract  was  agreed  upon  whereby 
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the  miners  accepted  a  reduction  of  5  cents  per  ton  on  the  price 
paid  for  pick  mining  and  a  proportionate  reduction  in  the  wages 
of  machine  miners  and  all  other  labor  in  and  around  the  mines. 
This  reduction  took  effect  on  April  1st,  and  the  contract  covers  a 
period  of  two  years,  extending  from  April  1,  1904,  to  March  31, 
1906.  Considerable  dissatisfaction  on  the  part  of  the  miners  was 
expressed  at  the  time  the  settlement  was  made,  but  after  the  situ- 
ation had  been  thoroughly  explained  to  them  and  matters  made 
plain,  the  wisdom  and  energy  displayed  by  the  national  and  State 
officers  in  securing  so  favorable  a  contract  in  the  face  of  a  falling 
market  was  commended  in  every  part  of  the  State,  and  at  the 
State  conventions  held  in  Terre  Haute  and  Brazil  in  the  follow- 
ing month  of  March  the  contract  was  ratified  without  hesitation. ' 
We  give  herewith  copies  of  the  Terre  Haute  and  Brazil  agree- 
ments, made  by  the  miners  of  District  11,  representing  the  bitu- 
minous field,  a ..  I  the  miners  of  District  8,  representing  the  block 
coal  field : 

TEERE  HAUTE  AGREEMENT. 

April  1,  1903,  to  March  31,  1904. 

Pursuant  to  au  agreement  made  between  the  coal  operators  and  the 
United  Mine  Workers  of  America  of  Illinois,  Indiana,  Ohio  and  Pennsyl- 
yanla,  made  at  Indianapolis,  Indiana,  March  21,  1904,  the  price  of  mining 
for  bituminous  coal  in  the  State  of  Indiana  shall  be  85  cents  per  ton  of 
2,000  pounds  for  screened  lump  coal,  made  over  a  standard  screen,  and 
52  cents  per  ton  of  2,000  pounds  for  run-of-mine.  That  further  details  in 
the  scale  of  prices  for  pick  and  machine  mining  in  the  State  of  Indiana 
for  one  year,  beginning  April  1,  1904,  shall  be  as  follows: 

The  standard  height  of  coal  in  Indiana  shall  be  3  feet  6  inches, 
excepting  In  mines  already  opened,  where  the  standard  height  shall  be 
3  feet  3  inches.  All  coal  less  than  3  feet  3  inches  in  thickness  and  over 
2  feet  9  inches,  the  price  shall  be  93  cents  per  ton  for  screened  lump  coal, 
and  57  cents  per  ton  for  mliie  run  coal.  All  coal  less  than  2  feet  9  inches 
and  down  to  2  feet  6  inches,  the  price  shall  be  $1.01  per  ton  for  screened 
lump  coal  and  62  cents  per  ton  for  mine-run  coal. 

Narrow  entries  7  to  9  feet  .wide,  $1.76%  per  yard. 

Wide  entries  12  feot  wide,  $1.10  per  yard. 

Wide  entries  shall  not  be  more  than  13  feet  nor  less  than  11  feet. 
In  the  event  of  a  10  or  11  foot  entry  being  demanded  by  the  operator, 
narrow  entry  prices  shall  be  paid,  if  14,  15,  16  or  17  foot  entries  are  de- 
manded the  wide  price  shall  be  paid. 

The  right  of  the  operators  to  drive  an  18-foot  room  when  necessary 
0|)aU  Qot  be  questioned. 


BREAK  THBOnoHS. 

Break  througtas  between  entries  sball  be  paid  for  at  eutiy  prices. 
Break  throughs  between  rooms,  wben  sheared  or  blocked,  sball  be  paid 
for  at  entry  prices,  but  no  break  throughs  shall  be  driven  without  coDseut 
of  the  operators.  Nothing  bereln  Hhall  Interfere  vltb  the  law  govemfag 
break  throughs. 

ROOU  TURNING. 

Boom  turning.  $4.21).  Boom  necks  to  be  driven  12  feet  In  and  widened 
at  an  angle  of  45  degrees  when  so  desired  by  tbe  operator.  Any  distance 
In  ereese  of  above  shall  be  paid  for  proportionately,  but  no  room  neck 
shall  exceed  15  feet.  When  room  necks  ate  driven  12  feet  wide,  the  price 
shall  be  ^  of  regular  price,  $2.65%. 

H&OHINE  BOHINO. 

In  entries  7  to  9  feet  wide.  $1.26<^  In  entries  12  feet  wide,  %  of  price 
of  narrow  entries,  or  $O.TS%.  Narrow  work  after  punching  machine  shall 
be  sheared  when  demanded  by  the  operator.  Narrow  work  after  the  chain 
machine  must  be  done  In  a  workmanlike  manner. 


BREAK  TBRODQHS. 

Break  throughs  between  entries,  same  as  entry  prices.  Break  throughs 
between  rooms  sjsatl  be  paid  for  at  the  same  price  when  similarly  driven. 

ROOM  TURNINa. 

Boom  turning.  (3.18%.  Room  necks  to  be  driven  12  feet  In  and  wi- 
dened at  an  angle  of  45  degrees  when  so  desired  by  operators.  Any  dis- 
tance In  excess  of  above  shall  be  paid  for  proporiionately,  but  no  room 
neck  sliall  exceed  15  feet.  When  room  necks  are  driven  12  feet  wide, 
prices  shall  be  %  of  regular  price,  or  $1,9816. 

DAT  WORK  FOR  PCNOHINO  MACRINE. 

Macume  work,  when  paid  for  by  the  day,  shall  be:  For  machine 
runner,  $2,90Vj:  helper,  $2.42. 

DAT  WORK,  OHAIH  OR  CUTTER  BAR  MACHINE. 

When  paid  for  by  tbe  day,  shall  be:  For  machine  runner,  $2.84i^; 
he]i)er,  $2.S4t14.  Day  work  for  machines  shall  apply  only  to  opening  new 
mines  and  defective  work,  such  as  horse  backs,  etc. 

PRICK  PER  TON  FOR  MACHINE  MINING  FOR 

Vandalla  track  and  north  thereof: 


698  BEPORT    OF    STATE    GEOLOGIST. 

Run  of  Mine.— Runner,  7  cents;  helper,  614  cents;  loading,  shooting  and 
timbering,  28^/^  cents.    Total,  42  cents. 

South  of  Vandalla  track: 

Screened  Lump.--Runner,  9%  cents;  helper,  8  13-20  cents;  loading, 
shooting  and  timbering,  48  (>-10  cents.    Total,  67  cents. 

Run  of  Mine.— Runner,  0  7-40  cents;  helper,  5  27-40  cents;  loading, 
shooting  and  timbering,  30  3-20  cents.    Total,  42  cents. 

I 

FOR  CHAIN  MACHINE. 

Screened  Lump.— Runner,  5%  cents;  helper,  5%  cents;  loading,  shooting 
and  timbering,  52  cents.    Total,  63V^  cents. 

Run  of  Mine.— Runner,  3%  cents;  helper,  3%  cents;  loading,  shooting 
and  timbering,  32^  cents.    Total,  39*^  cents. 

Machine  shovels  shall  be  furnished  by  the  operators,  but  when  re- 
placed the  old  shovels  must  be  returned,  and  in  case  of  careless  breaking 
or  destruction,  the  helper  shall  pay  for  the  shovel  so  destroyed. 


BLACKSMITHINa.  « 

Price  of  blacksmJthing  shall  be  1%  cents  on  the  dollar.  Sharpening 
shall  be  done  in  workmanlike  manner  and  men  shall  not  have  to  wait  for 
their  tools. 

DAT  LABOR. 

« 

% 

Inside  day  labor  shall  not  be  less  than  $2.42  per  day  of  eight  hours, 
when  men  are  emlpoyed.  And  for  outside  day  labor  on  the  north  of  the 
B.  &  O.  S.  W.  the  minimum  price  shall  be  $1.91%  per  day.  South  of  the 
B.  &  O.  S.  W.  the  price  shall  be  19^  cents  per  hour. 

All  outside  day  laborers  working  at  the  mines,  excepting  weighmasters, 
flat  trimmer  and  dumper,  who  shall  be  regarded  strictly  as  company  men, 
shall  be  recognized  as  members  of  the  United  Mine  Workers  of  America, 
and  present  conditions  and  hours  of  labor  shall  prevail  during  the  exist- 
ence of  this  contract;  and  provided  further,  that  in  emergencies  or  in  the 
absence  of  any  regular  employe  the  right  of  the  operator  to  employ  men 
not  members  of  the  United  Mine  Workers  6f  America  for  outside  day 
labor  shall  not  be  questioned.  Any  and  all  flat  trimmers  shall  dock  for 
dirty  coal. 

DEAD  WORK. 

1.  It  is  agreed  that  the  companies  shall  have  the  working  places  as 
dry  as  local  conditions  will  permit,  and  said  working  places  shall  be  in 
working  condition  at  time  of  starting  work  in  the  morning.  If  any  com- 
pany shall  fail  to  have  said  working  places  dry  or  reasonably  so  one  hour 
after  starting  time  two  successive  days,  the  company  shall,  if  said  failure 
is  traceable  to  neglect  or  carelessness  of  the  company's  agent,  give  miner 
or  miners  so  affected  other  work  or  pay  him  or  them  for  time  so.  lost. 

2.  The  question  of  slate  in  or  over  the  coal  shall  be  and  is  regarded 
a  local  question  to  be  taken  up  and  adjusted  by  the  methods  provided  in 
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the  annual  Terre  Haute  agreement  for  settlement  of  disputes:  Provided, 
however,  that  established  usages  and  prevailing  conditions  shall  not  be 
changed  except  in  new  mines  where  they  have  not  been  considered  and 
adjusted. 

3.  Where  bottom  coal  is  excessively  hard  to  take  up,  theoperator  shall 
have  the  option.  If  he  demands  that  it  be  taken  up  he  shall  pay  extra 
therefor.  Provided,  that  where  coal  so  f^ft  shall  exceed  four  inches  in 
thickness  it  shall  be  taken  up  by  the  loaders  and  paid  for  by  the  machine 
men,  but  this  shall  not  apply  when  caused  by  sulphur,  boulders,  rock  or 
any  unusual  condition.  And  whenever  there  shall  arise  a  dispute  between 
any  loader  and  boss,  or  committee  and  boss,  as  to  whether  the  bottom  coal 
in  any  room  is  "excessively  hard"  the  company  interested  shall  sele*ct  a 
man  who  shall  take  up  one-third  of  such  bottom  coal,  and  if  by  fiuch  test 
it  requires  more  than  forty  minutes  to  take  up  all  the  bottom  coal  in  such 
room,  then  the  loader  shall  be  paid  at  the  rate  of  30  cents  per  hour  for 
such  time  so  required  in  excess  of  forty  minutes.  This  is  to  apply  to  the 
No.  4  vein  of  Linton  coal. 

GENERAL. 

1.  When  the  coal  is  paid  for  mine  run,  it  shall  be  mined  in  as  good 
condition  as  when  paid  for  on  a  screened  lump  basis,  and,  when  loaded 
on  the  miner's  car,  it  shall,  as  nearly  as  possible,  be  free  from  slate,  bone 
coal,  or  other  impurities,  and,  if  it  can  be  shown  that  any  miner  persist- 
ently violates  the  letter  or  spirit  of  this  clause,  he  shall  be  discharged. 
Persistently,  as  used  in  this  clause,  means  three  cars  the  first  week  and 
two  cars  in  any  succeeding  week.  Nor  shall  he  load  an  undue  proportion 
of  fine  coal  in  any  one  car,  biit  shall  see  that  the  fine  coal  is  mixed  with 
the  large  coal  in  such  a  way  as  to  make  a  fair  quality  of  mine  run  coal. 
This  provision  for  cleaning  coal  and  penalty  for  failure  also  applies  to 
screened  lump  coal. 

2.  The  semi-monthly  pay  shall  continue  until  the  constitutionality  of 
the  law  providing  for  weekly  pay  shall  have  been  passed  upon  by  the 
Supreme  Courts  of  Indiana  and  of  the  United  States. 

3.  The  time  of  beginning  work  in  the  morning  and  the  length  of 
intermission  at  noon  shall  be  considered  a  local  question. 

4.  That  the  above  scale  is  based  upon  an  eight  hour  work  day;  that 
it  is  definitely  understood  that  this  shall  mean  eight  hours  worIL  at  the 
face,  exclusive  of  the  noon  time,  six  days  in  the  week»  or  forty-eight  (48) 
hours  in  the  week,  and  that  no  local  ruling  shall  in  any  way  deviate  from 
this  agreement,  or  impose  conditions  affecting  the  same,  but  any  class  of 
day  labor  may  be  paid  at  the  option  of  the  operator  for  the  number  of 
hours  and  fraction  thereof  actually  worked  at  the  hour  rate,  based  on 
one-eighth  of  the  scale  rate  per  day;  provided,  that  when  men  go  into  the 
mine  in  the  morning  they  shall  be  entitled  to  two  hours'  pay  whether  the 
mine  works  or  not,  excepting  In  event  of  a  mine  being  closed  down  by 
action  of  any  member  or  members  of  the  U.  M.  W.  of  A.,  the  two  hours' 
pay  shall  be  forfeited. 
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REaARDING  DRIVERS. 

They  shall  take  their  mules  to  and  from  the  stables,  and  the  time 

required  in  so  doing  shall  not  Include  any  part  of  the  day's  labor,  their 

work  beginning  when  they  reach  the  change  at  which  they  receive  empty 

cars,  but  In  no  case  shall  a  driver's  time  be  docked  while  he  Is  waiting 

"  for  such  cars  at  the  point  name<^ 

5.  Inside  day  work  may  be  done  upon  idle  days,  and  in  case  of 
emergency  on  overtime. 

6.  It  Is  agreed  that  if  any  difference  arises  between  the  operators 
and  miners  at  any  time,  a  settlement  shall  be  arrived  at  without  stopping 
the  work.  If  the  parties  immediately  affected  can  not  reach  an  agreement 
themselves,  the  question  shall  be  referred  without  delay  to  a  board  of 
arbitration  constituted  of  two  operators,  selected  by  the  operator  in- 
terested, and  two  miners  selected  by  the  local  union  of  the  tJnited  Mine 
Workers  of  America  involved.  In  the  event  of  these  four  being  unable  to 
reach  a  decision,  they  shall  select  a  fifth  man,  and  the  decision  of  the 
board  so  constituted  shall  be  final,  but  no  miner  or  operator  directly  in- 
terested in  the  differences  sihall  be  a  member  of  such  board.  Nothing  in 
the  above  shall  be  construed  as  excluding  officers  of  the  miners'  or  operat- 
ors' associations,  nor  mine  superintendents. 

7.  The  duties  of  the  mine  committee  shall  be  confined  to  the  adjust- 
ment of  disputes  between  the  mine  boss  or  superintendent  and  any  of 
the  members  of  the  United  Mine  Workers  of  America,  working  in  and 
around  the  mines,  except  as  hereinafter  set  forth  in  Article  No.  16.  In 
case  they  fail  to  agree,  they  shall  proceed  to  adjust  the  trouble  by  the 
selection  of  an  arbitration  board  as  provided  in  Article  6  of  this  agree- 
ment. The  mine  committee  shall  have  no  other  authority,  nor  exercise  any 
other  control,  nor  In  any  way  interfere  with  the  operation  of  the  mine, 
and,  for  violation  of  this  agreement,  the  committee  or  any  other  member 
thereof  or  mine  boss  or  superintendent,  shall  be  discharged. 

8.  That  under  no  circumstances  will  the  operators  recognize  or  treat 
with  a  mine  committee  or  any  representative  of  the  United  Mine  Workers 
of  America,  during  the  suspension  of  work,  contrary  to  this  agreement. 

9.  The  operator  shall  have  the  privilege  of  working  a  night  shift  for 
cutting  coal  with  machines.  All  men  so  employed  shall  be  paid  28  cents 
extra  for  each  eight  houts'  work  at  night,*  in  addition  to  the  scale  price 
per  ton. 

-10.    Work  on  driving  entries  and  drawing  pillars  may  be  by  double 
shift  at  the  option  of  the  operator. 

11.  This  contract  shall  In  no  case  be  set  aside  because  of  any  rules  of 
any  local  union  of  the  U.  M.  W.  of  A.  Nor  shall  there  be  any  rules  made 
controlling  or  affecting  the  operation  of  the  mines,  nor  shall  any  change 
be  made  in  accepted  rules  without  the  operators  and  miners  first  consult- 
ing and  agreeing  thereto. 

12.  Coal  may  be  dumped  as  slowly  as  the  operator  may  find  neces- 
sary to  thoroughly  screen  it,  even  if  the  car  is  brought  to  a  stop,  but  it 
shall  not  be  dumped  in  such  a  way  as  to  throw  the  coal  over  the  car  door 
or  unnecessarily  break  It 

13.  Any  miner  knowing  his  place  to  be  unsafe,   shall  protect  same 
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without  delay  and  shall  go  into  the  mine  for  that  purpose  outside  of  reg- 
ular hours  and  on  idle  days. 

14.  No  restriction  shall  be  placed  on  the  amount  of  coal  which  ma- 
chines may  mine,  nor  on  the  number  of  cars  that  any  miner  may  load  in 
any  specified  time. 

Men  shall  work  double  in  wide  entries  at  option  of  operator  in  develop- 
ing the  mine  or  for  running  entries  for  the  purpose  of  increasing  produc- 
tion. 

Enough  extra  loaders  shall  be  emlpoyed  in  each  mine  so  that  the  full 
complement  of  loaders  agreed  upon  to  follow  each  machine  shall  be  at 
work  every  day  that  the  mine  hoists  coal. 

Where  three  places  are  now  given  to  two  loaders  the  custom  shall  con- 
tinue. 

No  more  than  three  places  for  two  men  nor  two  places  for  one  man 
shall  be  allowed.  In  mines  where  the  coal  averages  6  feet  high  or  over, 
rooms  30  feet  wide  or  over  equipped  with  two  tracks  shall  be  considered 
double  places,  and  two  loaders  may  be  limited  to  two  such  places. 

In  Sullivan  County  where  men  work  double  in  two  rooms  25  to  30  feet 
wide,  with  track  up  to  the  center,  the  custom  shall  continue. 

Whenever  a  new  mine  is  opened  it  shall  be  governed  by  the  same 
rules  existing  in  other  contiguous  mines  in  the  same  vein  of  coal. 

15.  The  price  of  powder  per  keg  shall  be  $1.75.  The  miners  agree  to 
purchase  the  powder  from  tUeir  operators,  provided  It  is  furnished  of 
standard  grade  and  quality,  that  to  be  determined  by  the  operators  and 
expert  miners  jointly  where  there  is  a  difference. 

16.  EIngineers  shall  be  paid  the  present  rate  of  wa|es,  minus  5.55  per 
cent.  Eight  hours  shall  constitute  a  day's  work.  But  the  engineers  shall, 
outside  of  regular  hours,  hoist  and  lower  the  men,  and  in  addition  shall 
perform  all  the  duties  which  necessarily  and  usually  pertain  and  belong 
to  an  engineer's  position,  and  shall  not  receive  any  extra  pay  therefor. 
It  is  agreed  further  that  no  noisting  engineer  shall  be  subjected  to  the 
interference  or  dictates  of  the  mine  committee  nor  the  local  unions,  but 
all  the  differences  between  the  engineer  and  his  employer  shall  be  ad- 
justed by  the  officers  of  the  U.  M.  W.  of  A.  and  employer  interested. 

17.  The  prices  now  paid  firemen  and  blacksmiths,  together  with  the 
present  condition  of  employment  and  hours  of  labor,  shali  continue  during 
the  existence  of  this  contract.    Less  5.55  per  cent. 

18.  It  is  further  agreed  that  the  operators  shall  offer  no  objection  to 
the  check-off  for  the  check-weighman  and  for  dues  for  the  U.  M.  W.  of  A., 
provided,  that  no  check-off  shall  be  made  against  any  person  until  he  shall 
have  first  given  his  consent  in  writing  to  his  employer.  This  applies  to  ail 
day  work  as  well  as  miners. 

SHOT  FIRERS. 

Present  conditions  as  to  shot  firers  shall  continue  until  a  commission 
composed  of  one  miner,  to  be  selected  by  the  United  Mine  Workers  of 
America  of  District  No.  11,  one  operator,  to  be  selected  by  the  Bituminous 
Coal  Operators'  Association  of  Indiana,  and  Prof.  Robert  Thurston,  of 
Cornell  College,  an  expert  engineer  shall  be  appointed. 

Such  commission  shall,  as  soon  as  possible,  examine  the  so-called  dan- 

4ft— Geology. 
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gerous  pick  mines  ia  the  State  of  Indiana,  and  decide  whether  or  not  it  is 
necessary  to  employ  shot  flrers  in  any  of  said  mines,  on  account  of  gas, 
dust  or  other  causes  beyond  the  control  of  either  miners  or  operators,  the 
present  method8  of  mining  not  to  be  considered  as  being  beyond  control. 

If  a  majority  of  such  commission  shall  decide  that  it  is  necessary  that 
shot  firers  be  employed  In  any  m.ine  and  shall  sign  a  report  to  that  effect 
then  shot  firers  may  be  employed  by  the  miners  in  such  mine,  who  shall 
pay  them  for  their  services,  and  such  shot  firers  shall  be  wholly  in  the 
employ  of  the  miners  and  in  no  manner  whatever  to  be  the  agents,  serv- 
ants or  employes  of  the  owners,  operators  or  managers  of  the  mine. 

The  owner  or  operator  of  any  mine  where  the  commission  decides  that 
It  is  necessary  that  shot  firers  be  employed  and  where  they  are  so  em- 
ployed by  the  miners,  shail  pay  to  the  local  union  an  amount  of  money 
equivalent  to  one-fourth  04)  cent  per  ton  of  mine  run,  or  two-fifths  (%) 
cent  per  ton  of  screened  lump  coal  of  the  output  of  said  mine. 

It  being  agreed  ana  understood  that  such  payment  to  the  local  union 
shall  not  directly  or  indirectly  be  considered  as  or  construed  to  be  a  pay- 
ment by  the  owner  or  operator  of  any  part  or  portion  of  the  services 
rendered  by  shot  firers  for  the  miners. 

It  being  further  expressly  agreed  and  understood  that  in  any  miat 
where  shot  firers  are  employed  that  the  relation  of  master  and  servant 
shall  exist  wholly  between  the  miners  and  the  shot  firers,  and  that  such 
relation  shall  not  obtain  as  between  the  owner  or  operator  of  the  mine 
and  the  shot  firers. 

The  expenses  of  such  commission  shall  be  borne  equally  by  the 
United  Mine  Worlters  of  America  of  District  No.  11,  and  the  Bituminous 
Coal  Operators*  Association  of  Indiana,  except  that  the  Operators*  Asso- 
ciation shall  alone  bear  the  expenses  occasioned  by  the  appointment  and 
services  of  the  expert  engineer. 

In  behalf  of  the  Indiana  Bituminous  Coal  Operators'  Association: 

J.  C.  KOLSEM,  President. 
P.  H.  PENNA,  Secretary. 

United  Mine  Workers  of  America,  District  No.  11: 

GEX).  HARGRAVE,  President. 
J.  H.  KBNNliiDY,  Secretary. 


AGREEMENT    BETWEEN    THE    BLOCK    COAL   OPERATORS    AND 

TUB  UNITED  MINE  WORKERS  OF  AMERICA,  DISTOICT 

No.  8,  FROM  APRIL  1,   19(M.   TO  APRIL  1,   1906. 

CONTRACT. 

Pick  Mining  Scale  for  1904-1906. 

Contract  between  the  operators,  miners  and  day  laborers  of  the  Brazil 
Block  Coal  District,  from  April  1,  1904.  to  April  1.  1906. 

1.  Bhitered  into  this  first  day  of  April,  1004,  between  the  Operators* 
Scale  Committee  of  the  Block  Coal  District,  and  the  Executive  Board  of 
the  United  Mine  Workers  of  America,  representing  District  No.  8. 

2.  Pursuant  to  a  contract  made  between  the  Coal  Operators  and  the 
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UnitM  Mine  Workers  of  America,  of  Indiana,  Illinois,  Ohio     i 
sylvania,  made  at  Indianapolis,  Ind.,  March  21,  1904. 

3.  The  price  for  mining  screened  block  coal  in  the  Block  Cc 
of  Indiana  shall  be  ninety-five  (95)  cents  per  ton  of  2,000  Ibf 
understood  also  that  the  price  for  digging  unscreened  coal  8. 
equivalent  of  the  price  paid  for  screened  coaL 

4.  That  further  details  in  the  scale  prices  for  pick  mining  in  I 
Coal  District  shall  be  as  follows: 

5.  The  payment  for  low  coal  shall  be  upon  the  following  sc 

6.  For  all  coal  two  feet  ten  inches,  and  under  three  feet  on< 
dollar  ($1.00)  per  ton. 

7.  For  all  coal  under  two  feet  ten  inches,  one  dollar  and 
(11.05)  per  ton. 

8.  The  price  of  yardage  shall  be  as  follows: 

Single  yardage  in  coal  3  ft.  1  in.  or  over $0  i 

Double  yardage  in  coal  3  ft.  1  in.  or  over 1  i 

Gob  entries  in  coal  3  ft.  1  in.  or  over 1 

Gob  entries  in  coal  3  ft  1  in.  or  over,  without  brushing. 
Single  yardage  in  coal  2  ft.  10  in.  and  under  3  ft  1  in. . .     1  i 
Double  yardage  in  coal  2  ft  10  in.  and  under  3  ft  1  in.. .     2  i 

Gob  entries  in  coal  2  ft.  10  in.  and  under  3  ft.  1  in 1  i 

Gob  entries  in  coal  2  ft.  10  in.  and  under  3  ft  1  in.,  with- 
out brushing i 

Single  yardage  in  coal  below  2  ft  10  in 1  I 

Double  yardage  tn  coal  below  2  ft  10  in 2 

Gob  entries  in  coal  below  2  ft  10  in 1  i 

Gob  entries  in  coal  below  2  ft  10  in.,  without  brushing. 
All  entries  to  be  driven,  when  required  by  the  operator,  5- ! 
the  clear  in  height,  and  the  miners  agree  to  gob  the  dirt,  when  I 
required^  take  it  xhore  than  the  distance  of  six  rooms  back  i 
last  breakthrough,  and  when  the  dirt  is  hauled  by  a  mule,   i 
miners  agree  to  unload  the  same  at  a  distance  of  not  more  tl 
rooms  back  from  the  last  breakthrough,   from  the  face  of  tJi 
This  agreement  shall  apply  to  all  tlie  block  coal  mines  in  the  B 
District,  with  the  exception  of  the  present  No.  1  and  No.  2  Super 
of  the  Zellar,  McOlellan  &  Ck).,  and  in  these  two  mines  the  sar 
tions  shall  continue  as  were  In  force  during  the  year  just  endi 
The  miners  shall  continue  to  gob  the  breakthroughs.     Twenty-fi 
per  yard  shall  be  paid  for  all  double  yardage,  when  the  same  ii 
double  shift,  and  12Va  cents  per  yard  for  all  single  yardage,  ^i 
same  Is  worked  double  shift    Work  on  driving  entries  and  drawiii 
may  be  by  double  shift  at  the  option  of  the  operator. 
9.    Inside  day  scale: 

Track  layers $2  -l 

Track  layers'  helper's 2  -i 

Trappers 1  ( 

Bottom  cagers   2  4 

Drivers  2  4 

Trip  riders , 2  4 

Water  haulers 2  4 
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Timbexman,  where  such  are  employed 2  42 

Pipemen,  for  compressed  air  plants 2  37% 

All  other  Inside  day  labor 2  42 

Blacksmiths 2  69.36 

All  outside  day  labor  shall  receive 1  91^ 

10.  The  firemen  and  night  pumpers  shall  be  paid  At  the  rate  of  twenty- 
three  and  nine-tenths  (23  9-10)  cents  per  hour  for  their  labor.  The  above 
wage  is  based  on  an  eight  (8)  hour  worls  day,  but  in  the  ev«it  the  operator 
desires  It,  the  firemen  and  night  pumpers  are  to  work  overtime  to  the 
extent  of  not  more  than  two  hours,  in  any  one  day  or  shift.  However, 
it  is  understood  that  in  the  event  of  an  emergency  the  firemen  and  night 
pumpers  will  not  limit  their  time,  but  continue  working  until  such  emer- 
gency is  past. 

11.  The  firemen  and  night  pumpers  shall  be  subject  to  the  same  rules 
and  regulations  as  the  top  men,  and  be  in  their  class,  and  may  be  laid  off 
in  case  the  mine  shall  work  only  parts  of  days,  and  the  work  of  the  fire- 
men and  the  top  men,  may  be  Interchanged  if  it  is  found  to  be  to  the 
interest  of  the  employer  so  to  do,  for  example:  Where  the  work  can  be 
performed  by  one  man,  the  firing  and  any  other  work  about  the  top  shall 
be  done  by  any  one  of  the  top  men  selected. 

12.  Where  a  miner  is  working  a  deficient  place,  and  Is  being  paid  by 
the  day,  his  pay  shall  be  $2.42  per  day,  and  if  he  uses  his  own  tools 
during  such  time,  he  shall  be  paid  ten  cents  per  day  for  the  use  of  same. 
The  operator  shall  have  the  option  of  furnishing  the  tools  for  any  such 
work. 

13.  The  price  of  blacksmi thing  shall  be  V^  cents  on  the.  dollar. 

14.  Semi-monthly  pay  shall  continue  until  the  constitutionality  of*  the 
law  providing  for  weekly  pay,  shall  have  been  passed  upon  by  the  Su- 
preme Courts  of  Indiana,  and  of  the  United  States. 

15.  The  miner  shall  not  be  compelled  to  load  his  coal  mo|^  than  six 
feet  from  the  face,  at  the  beginning  time. 

16.  Inside  day  work  may  be  done  upon  idle  days,  and  in  the  case  of 
emergency  on  overtime. 

17.  The  hour  to  begin  work  in  the  morning  shall  be  seven  (7)  a.  m., 
with  thirty  minutes  stop  for  dinner,  and  begin  shooting  at  3:30  o'clock 
p.  m.,  from  April  1,  1904  and  1905,  to  October  1,  1904  and  1905,  and  from 
October  1,  1904  and  1905,  to  April  1,  1905  and  1906,  the  mines  shall  start 
at  7:30  a.  m.  with  thirty  minutes  stop  for  dinner,  and  begin  shooting  at 
4:00  p.  m.,  and  that  no  shooting  sliall  be  done  at  the  mine  except  by 
mutual  consent  between  the  bank  boss  and  the  bank  committee,  and  in 
the  event  that  the  mine  is  to  work  a  half  day,  it  shall  be  the  duty  of  the 
mine  boss  to  notify  the  bank  committee  of  the  fact. 

18.  Tliat  eight  hours  a  day  means  eiglit  hours'  work  in  the  mine  at 
the  usual  working  places,  for  all  classes  of  inside  workmen.  This  shall 
be  exclusive  of  the  time  required  in  reaching  said  working  places  in  the 
morning,  and  departing  from  the  same  at  night. 

19.  The  miners  hereby  agree  to  do  all  the  propping  in  their  rooms, 
except  setting  of  props  required  to  break  tlie  bottom  in  shooting  the  same, 
and  if  any  props  are  loosened  or  displaced,  thereby  endangering  the  safety 
pf  the  workmen,  the  miners  agree  tp  reset  the  same. 
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20.  It  is  also  agreed  on  the  part  of  the  operators  not  to  require  the 
miners  to  put  down  their  own  road,  and  bottom  shooters  may  lay  the 
road  In  the  rooms  when  required. 

21.  Also,  to  give  each  miner  as  near  as  possible  an  equal  turn  of  cars, 
and  not  allow  any  day  hands  to^load  coal  on  idle  days. 

rj.  No  miner  shall  be  discharged  or  discriminated  against  because  of 
his  refusal  to  do  work  by  the  day  when  called  upon  by  the  pit  boss. 

23. "  It  is  also  agreed  not  to  require  miners  to  load  or  clean  falls  unless 
they  are  caused  .by  some  fault  of  the  miner  not  properly  timbering  his 
working  place,  or  his  having  shot  or  otherwise  caused  his  timber  to  be- 
come insecure,  in  which  case  it  will  be  the  duty  of  the  miner  to  put  his 
place  in  good  order  again. 

24.  It  is  further  agreed  that  if  any  difference  arise  between  the 
operator  and  miner  at  any  pit,  settlement  shall  be  arrived  at  without 
stopping  of  work.  If  the  parties  immediately  affected  can  not  reach  an 
adjustment  between  themselves,  the  question  shall  be  referred  to  the 
Executive  Board  of  the  United  Mine  Workers  of  America,  representing 
District  No.  8,  and  an  equal  number  of  operators,  whose  actions  shall  be 
final,  but  no  miner  nor  operator  interested  in  the  differences  shall  be  a 
member  of  said  committee. 

25.  The  duties  of  the,  mine  committee  shall  be  confined  to  the  adjust- 
ment of  disputes  between  the  mine  boss  or  superintendent  and  any  of  the 
members  of  the  United  Mine  Workers  of  America,  except  the  engineer, 
working  in  and  around  the  mines.  ^  . 

26.  Regarding  Drivers:  They  shall  take  their  mules  to  and  from  the 
stables,  and  the  time  required  in  so  doing  shall  not  include  any  part  of 
the  day's  labor.  Their  work  beginning  when  they  reach  the  parting  at 
which  they  receive  empty  cars,  and  In  no  case  shall  the  drivers'  time  be 
docked  while  he  is  waiting  for  said  cars  at  point  named,  but  when  the 
men  go  into  the  mine  in  the  morning,  they  shall  be  entitled  to  two  hours' 
pay,  whether  or  not  the  mine  works  the  full  two  hours,  but  after  the  first 
two  hours,  the  men  shall  be  paid  for  every  hour  thereafter,  by  the  hour  or 
for  each  hour's  work,  or  fractional  part  thereof.  If  for  any  reason  the 
regular  routine  of  work  can  not  be  furnished  Inside  labor  for  a  portion  of 
the  first  two  hours,  the  operators  may  furnish  other  than  the  regular 
labor  for  the  unexpired  time. 

27.  That  under  no  circumstances  will  the  operators  recognize  or  treat 
with  a  mine  committee  or  any  representative  of  the  United  Mine  Workers 
of  America,  during  the  suspension  of  work  contrary  to  this  agreement. 

28.  The  Block  Coal  District  of  Indiana  may  continue  the  use  of  the 
diamond  bar  screen,  the  screen  to  be  seventy-two  (72)  feet  superficial  area, 
of  uniform  size,  one  and  one-quarter  (1^4)  inches  between  the  bars,  free 
from  obstructions,  and  that  such  screen  shall  rest  upon  a  sufficient  number 
of  bearings  to  hold  the  bars  in  proper  position. 

29.  It  is  hereby  further  agreed  that  track  layers  may  begin  work  on 
top  before  the  usual  time  of  hoisting  coal,  in  getting  track  material  ready 
to  send  down  on  the  cage,  and  that  the  time  required  in  doing  so,  shall  be 
a  part  of  the  eight  hours'  work. 

30.  In  case  of  emergency  work,  the  mine  boss  shal'  consult  with  the 
mine  committee,  and  if  they  approve  of  the  work  being  done  on  over- 
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time,  the  men  engaged  thereon  shall  not  be  required  to  lay  off  until  their 
time  is  equalized  with  the  others  working  in  said  mine. 

31.  The  Crawford  Coal  Company  in  their  mines  at  Center  Point  may 
continue  to  do  the  bi-ushing  in  the  entries  where  the  coal  is  3  feet  1  Inch 
and  under  in  thickness. 

32.  On  and  after  April  1,  1904,  until  Aprfl  1,  1906,  the  scale  of  hoist- 
ing engineers  throughout  the  Block  Coal  District,  or  District  No.  8,  shall 
be  as  follows:  Where  one  enginceer  is  employed,  the  compensation  shall 
be  seventy-nine  dollars  and  sixty-eight  and  one-half  cents  ($79.68*^)  per 
month.  Where  two  engineei*s  are  required,  the  first  engineer  shall  receive 
seventy-nine  dolltrrs  Tiiid  sixty-eight  and  one-half  cents  ($79.68^)  per 
month,  the  second  sixty-nine  dollars  and  six  cents  ($G0.06)  per  month,  and 
when  they  change  week  about,  seventy-four  dollars  and  thirty-seven  and 
one-fourth  cents  ($74,37i4)  per  month. 

33.  It  is  agrreed  on  the  part  of  the  engineers  to  be  at  their  wcwk  in 
time  to  lower  the  men  and  mules,  and  remain  a  suflicient  time  after  the 
regular  working  hour  to  hoist  the  men  and  mules  from  the  mine.  Also 
to  keep  up  all  repairs  on  the  machinery,  including  pumps  in  the  mine. 

34.  It  is  also  mutually  agreed  that  a  licensed  engineer  shall  l>e  em- 
ployed at  all  times  when  steam  is  required  at  the  throitle?  provided,  how- 
ever, that  in  all  cases  where  the  mine  is  not  hoisting  coal,  or  the  machines 
are  not  operated,  then,  and  in  all  such  cases,  the  engineers  are  reciuired  to 
do  their  own  firing,  it  being  understood  that  this  provision  does  not  apply 
to  any  case  where  ^ie  work  of  the  mine  may  be  stopped  in  the  midst  of 
any  one  shift.  Nor  does  it  cover  any  case  where  the  fireman  is  required 
to  assist  in  tlie  washing  or  cleaning  out  the  boilers  on  Sunday. 

35.  It  is  also  fully  understood  and  agreed  upon  the  part  of  the  United 
Mine  Workers  of  America,  that  the  engineers  will  not  under  any  circum- 
stances allow  affiliation  with  any  labor  organization  to  interfere  with  or 
prevent  their  being  on  duty  at  any  and  all  times  required  by  the  oi)erator8, 
and  that  they  will  not  suspend  work  in  sympathy  with  any  organization; 
and  further,  that  they  will  during  the  continuance  of  this  contract  at  all 
times  fully  protect  all  the  company's  property  under  their  care,  and  that 
they  ^vlll  operate  fans  and  pumps,  and  lower  or  hoist  such  men  or  sup- 
plies as  may  be  required  to  protect  the  company's  property,  and  any  and 
all  coal  that  may  be  required  to  keep  up  steam  at  the  company's  plant. 
But  it  is  understood  that  the  operators  will  not  ask  them  during  this 
period  to  hoist  any  coal  produced  by  non-union  labor  for  sale  on  the 
market. 

36.  No  engineer  shall  lay  off  or  exchange  shifts  without  the  consent 
of  the  operators. 

37.  It  is  also  agreed  that  in  case  of  sickness  or  unexpected  absence  of 
the  engineer  any  other  engineer  oi*  engineers  shall  perform  his  duty;  and 
if  desired  by  them  his  wages  for  time  so  absent  shall  revert  to  the  en- 
gineer performing  such  duty. 

38.  It  Is  further  agreed  no  hoisting  engineer  shall  be  subji»ct  to  the 
interference  or  dictation  of  the  mine  committee  nor  the  local  unions,  but 
all  differences  between  the  engineer  and  his  employer  shall  be  adjusted 
by  the  oflflcers  of  the  United  Mine  AVorkers  of  America  and  employer 
interested. 
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39.  It  Is  also  agreed  upon  the  part  of  the  operators  that  they  will 
enforce  a  rule  forbidding  the  entering  of  the  engine  room  by  loafers  and 
disinterested  parties,  and  that  they  will  have  cards  printed  and  placed 
in  conspicuous  places  to  this  effect 

40.  This  contract  is  entered  into  in  good  faith  by  Doth  parties,  and 
there  is  to  be  no  deviation  from  it  by  the  operators,  miners,  laborers  or 
any  local  unions. 

Committee  on  behalf  of  the  Oi>erators  for  the  Blocli  Coal  District: 

JAS.  H.  McClelland. 

M.  H.  JOHNSON.      ^ 
W.  E.  BPPBRT. 
WM.  M.  -ZELLER. 
A.  H.  ZIMMERMAN. 
HUGH  MASON. 
JAS.  J.  BUCKLIN. 
Executive  Committee,  District  No.  8,  United  Mine  Workers  of  Ajnerica, 
for  Block  Coal  Miners: 

WM.  HOUSTON,  Pres.  Dist.  8. 

JOHN  S.  BENNETT,  Vice-Pres. 
WM.  TREAGER,  Secy.-Treas. 

THOS.  SLATER. 

ROBERT  GIVENS. 

CONTRACT. 
Machine  Minixg  Scale  for  1904-1906. 

Contract  between  the  Machine  Operators  of  the  Block  Coal  District 
and  tlio  Executive  Board,  District  No.  8,  United  Mine  Workers  of  Amer- 
ica, governing  prices  and  conditions  of  mining  in  Machine  Mines  Block 
Coal  District,  from  April  1,  1904,  to  April  1,  1906. 

1.  Ehtered  into  this  first  day  of  April,  1904,  between  the  Operators 
Machine  Mines  of  the  Block  Coal  District  and  the  Elxecutive  Board  of  the 
United  Mine  Workers  of  America,  representing  District  No.  8. 

2.  Pursuant  to  a  contract  made  between  the  Coal  Opera to.rs  and  the 
United  Mine  Workers  of  America  of  Illinois,  Indiana,  Ohio  and  Pennsyl- 
vania, made  at  Indianapolis,  March  21,  1004. 

3.  The  price  for  loading,  shooting,  timbering,  taking  care  of  all  draw 
slate  that  is  tour  (4)  inches  and  under  in  thickness,  in  rooms  and  entries, 
shall  be  forty-nine  and  three-fourths  (49'%)  cents  per  ton. 

Price  for  entry  driving,  6  to  9  feet  wide,  forty-nine  and  three-fourths 
(49%)  cents  per  yard. 

Price  for  entry  driving,  9  to  12  feet  wide,  thirty  and  three-fourths 
(30%)  cents  per  yard. 

The  loader  agrees  to  keep  the  l)ug  dust  and  draw  slate  back  14  feet 
from  the' working  face.  >^ 

All  entries  more  than  twelve  feet  in  width  shall  be  paid  same  as  rooms. 

Machine  runners  and  helpers  to  be  paid  twenty-three  and  three-fourths 
(23%)  cents  per  ton,  and  when  working  by  the  day,  machine  runner  to  be 
paid  $2,86%  per  day;  helpers,  $2.55  per  day;  motormen  to  receive  $2.86% 
per  day. 
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Entry  driving,  6  to  9  feet  wide,  machine  runner  to  be  paid  twenty-tbree 
and  three-fourtlis  (23%)  cents  per  yard. 

Entry  driving,  9  to  12  feet  wide,  macliine  runner  to  be  paid  fifteen  (15) 
cents  per  yard. 

It  is  furttier  agreed  tliat  where  there  is  not  sufficient  room  to  gob  the 
bug  dust  and  draw  slate,  the  loader  will  load  it  in  the  bank  cars,  and  the 
company  will  unload  it. 

It  is  understood  that  there  shall  be  nothing  paid  for  room  turning  or 
low  coal,  and  there  shall  be  nothing  charged  for  blacksmithing. 

There  shall  be  no  discrimination  against  any  employes. 

That  the  system  of  loading  coal  in  macliine  mines  be  on  the  following 
basis,  to  wit: 

1.  That  one  man  shall  have  the  right  to  two  places  where  he  can 
take  care  of  the  same. 

2.  That  two  men  shall  have  the  right  to  throe  places  where  they  can 
take  care  of  the  same. 

3.  All  others  one  place. 

When  a  man  is  off  work  more  than  one  day,  the  mine  boss  shall  have 
the  right  to  put  a  man  in  the  places  if  it  is  necessary,  providing  the  man 
leaves  the  places  in  the  same  condition,  as  near  as  possible,  as  he  found 
them. 

The  Block  Coal  District  of  Indiana  may  continue  the  use  of  the 
diamond  bar  screen,  the  screen  to  be  seventy-two  (72)  feet  superficial  area, 
t)f  uniform  size,  one  and  one-quarter  (1^4)  inches  between  the  bars,  free 
from  obstructions,  and  that  such  screen  shail  rest  upon  a  sufficient  number 
of  bearings  to  hold  the  bars  In  proper  position. 

This  agreement  to  become  a  part  of  the  agreement  entered  into  on  the 
1st  day  of  April,  1904,  between  the  Operators*  Scale  Committee  of  the 
Block  Coal  District,  and  the  EJxecutive  Board  of  the  United  Mine  Workers 
of  America,  representing  District  No.  8. 

On  behalf  of  the  Machine  Operators  of  the  Block  CJoal  District: 

OITER  CREEK  COAL  CO., 

A.  n.  ZIMMERMAN,  Supt 

BRAZIL  BIX)CK  COAL  CO., 

JAS.  H.  McClelland,  President. 

On  behalf  of  the  Executive  Board,  District  No.  8,  United  Mine  Workers 

of  America: 

WM.  HOUSTON,  President. 

JOHN  S.  BENNETT,  Vice-Pres. 

WM.  TREAOER,  Secy.-Treas. 

THOS  SLATER. 

ROBERT  GIVENS. 


ATEBAOE   WAQB   TABLB. 


Eh 


i§ 


t^ 


1 


sXai axe's  99vmay 


*89i£oi(Inis  •pfg^no 


*1I9|| 

iCfmnofY  puii^VQ 


pav  X«Q  opig 

•UI  JO  9999^  l«i0X 


Amiuoyi  pnv  ^«(j 
opisaj  JO  jQqmn^ 


'joaiff 
J9  j  8989^  o^ioAy 


*8Joaip{ 
JO  89a«^  i«^ox 


'8J9ai  j^  JO  J9qinn|{ 


O 


S9 


§£5 


5S 


S39 


S3 


g 


SS 


00  a> 


SI 


GQ 

o 

P 

H 

I— I 


SS8S£g)3SS8SSS^I 


>»or^< 


piSSiSiSfeffi 


^^SQSSSS^SSSS! 


Jj  •^1-^  CO       I 


gS£:Sg8g«>|§S| 


fQ^^QoeoakvH«-4f-ia»0Q'' 


ofi  o  »  O  95  e^  t-^  ri4  m  rH  «o  I 
ipioioaoeoiogeoeoaioi 
oij^b^ci  e<^»^C4  r^  «$  C4  o  Ok  ( 


C9  M      1 

•  •  •■■•••••« 

■  ••■•••■••• 

•  ■■•■••■••■ 

:::::::::  :j3 

•  W2 flX' 

•  S^  O  fl  M  S  >k   •  ^•S 

oQik(eeMPkP4a4QQ>! 


\ 


710 


REPORT  OF  STATE  GEOLOGIST. 


TABLE. 

MACHINE  MINING. 

Exhibiling  hy  Counties  the  Names  of  Mines  in  Which  Machine  Mining  is  Carried  On  ; 
Oeologieal  Number  of  Coal  Seam  Mined;  Average  Number  and  Kind  of  Machines 
in  Use;  Number  of  Miners  Employed,  Total  Tons  of  Coal  Produced,  Average 
Tons  Per  Miner  and  Average  Tons  Per  Machine  Produced  and  the  Number  of 
Days  the  Machines  Were  Operaced, 
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MACHINE  MINING— Continued. 


SULLIVAN  COUNTY-Continuod. 
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EXAMINATIONS. 

Examinations  of  applicants  for  certificates  of  competency  to 
serve  as  Mine  Boss,  Fire  Boss  and  Hoisting  Engineer  were  held 
at  Terre  Haute  March  15, 16  and  17,  and  August  25,  26  and  27. 

The  examinations  were  written  and  partly  oral.  The  follow- 
ing table  gives  the  names  and  addresses  of  those  receiving  cer- 
tificates, also  the  number  of  the  certificate : 

MINB  BOSS  EXAMINATION  HELD  MARCH  15,  16  and  17. 1904. 

/To.  o/ 
Name.  Addrett.  CertiMeate. 

William  Dempfey Sullivan 35 

Jacob  C.  Eck Hymera 12 

William  R.  Hiltedick Linton 4 

Harry  Eyans Terre  Haute .....  24 

J.  Willard  Waeker Clinton 23 

James  W.TempIeton Linton » 17 

Bert  MoClanahan Hymera 1 

John  Watterion Coal  BluiT 5® 

John  Johnson. Coal  BluflF 16 

Robert  Monkhouse,  Jr Coal  Bluff 90 

A- T.Potter Linton 10 

C.L.Board Linton 3 

Loo  Shaw SulliTan 9 

J.  A.Riohardion Farmersburg 2 

Charles  Wilson Seeley  ville 

James  W.  Meredith Linton 5 

James  Gregory Terre  Haute 71 

Harry  Milburn Lyford 1 22 

Ephrain  McGranhan Brasil 6 

Thomas  Watkins Brawl 7 

William  B.  Tolson Wa  hington 25 

W.H.Jackson Sullivan 73 

BenJ.  F.  Whittington Diamond 66 

Frank  Friend Clay  City 8    , 

Dayton  Ferris Coal  Bluff 

BenJ.  R.  Barnelt Braail 74 

HOISTINO  ENGINEER  EXAMINATION,  MARCH  15, 16  and  17,  1904. 

No.  of 
Name.  ,  Addreae,  Certifieafe. 

Jackson  Wyeth Terre  Haute ^ 31 

Irwin  D.  Johnson Edwards 77 

Ed.  Williams Washington 20 

Frank  Garlinghouse Clinton 78 

Olney  White Dugger 41 

C.B.  Rouse Sullivan 38 

W.  A.  Ueaton Bosedale 57 

W.E.Eslinger Shelburn 27 

George  W.Chambers Clinton 29 

W.G.Woods .' Terre  Haute 37 

T.N.Jean Linton 34 

William  Sutton 36 

Hubert  Parr Fontanet 96 

JohnO.Whi'o Bridgeton 52 

C.  A.  Dillahunt Farmersburg 47 

John  W.  Cable Shelburn 51 


ENGTNEEB    AND    MINE    BOSS    EXAMINATIONS.  715 

r 

Name.  ^Addrett.  No.  of  Certificate. 

W.A.Pope Linton » 

Louis  Lyday Linton 95 

M.  L.  Ramsford Shelbum 68 

Lawrence  T.  Hioks EvansTille 46 

Howard  S.Brown Bridgeton.  53 

Henry  F.Ward Bdwardaport 55 

Henry  Afiller Dugger 39 

John  D.  Britton Brazil 91 


.   MINK  BOSS  BXAMISATION  HELD  AUGUST  25,  26  AND  27, 1904 -Continued. 

Name.  Addreaaet.  No,  of  Certificate, 

W.F.  Asbell Dugger 4S 

Adam  Pnryis Rosedale 39 

John  Randoll Linton 88 

-Wm.  Babbitt Sullivan 37 

Harry  Antibus Linton. 36 

Arthur  Thompson W.Terre  Haute -, 34 

Thomas  Harrop Dugger 33 

Murray  Bledsoe Caledonia 32 

Samuel  Bradshaw Perth 28 

Wm.  C.Keller Columbus 27 

Jas.  J.  Johnson i..Fontanet 66 

John  Thomas Midland 105 

M.  A.  Pell Braail 90 

JohnHolden Diamond 82 

Stephen  Adams Linton 67 

John  Bennie Linton 48 

Frank  Morris Shelburn 29 

H.S.  Bonham Linton ' 47 

Edward  Cole Sullivan 26 

Louis  Dablemont Linton SO 

M.M.  Sweeding Brazil 112 

Geo.  Sildamridge Linton 71 

Richard  L.  Anderson Clinton 65 


HOISTING  ENGINEER  EXAMINATION  HELD  AUGUST  25,  26  AND  27,  1904. 

Name.  Addreuee.  No.  of  CertHleate, 

Chas.  W.  Miller Brazil 79 

Wm.  G.  Spears Brazil 85 

James  Williams Washington 21 

Pioket  P.  Connett Terre  Haute 58 

John  B.  Hosenohr Terre  Haute 89 


MINE  BOSS  EXAMINATION  HELD  AUGUST  25,  26  AND  27, 1904. 

Name.  Addreuee.  No.  <^f  Certificate. 

John  Haag Jason ville 25 

D.W.Griffiths Clinton 114 

W.  J.Winterbottom Washington Ill 

David  Owens Linton 110 

William  R.  Risher Saline  City 109 

J.  H.Needhammer Jackson  Hill 106 

William  White Shelbum 107 

John  Mainey Knightsville 103 

John  Black  well Vicksburg 41 

George  Geatches Linton 95 

H.  C.  Kasameyere Newburg 93 

John  M.  Lowry .• Jasonville 92 
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Nam«,  Addreat.  No.  of  Cert^eaU. 

Ncal  Watte Bradl 91 

James  Sidell Atherton i9 

H.E.  Wilson Barnett 88 

Walter  P.  Lambert Jasonyille 87 

James  B.  Johnson Fontanet 77 

Lawrence  P.King Burnett 76 

C.  A .  Landine Perth 104 

J.V.Gustin Farnsworth 74 

Thomas  8.  Jenkins Brazil 

Burrell  Wiley SnlliTan 65 

Edward  G.  Lewis Barnett «2 


FIRE  BOSS  EXAMINATION  HELD  AUGUST  25,  26  AND  27.  1904. 

Ifame,  Addre»$e$,  No,  of  Cert^icaie 

Dave  Murdock Linton 98 

Thomas  Harrop Dagger 38 


HOISTING  ENGINEER  EXAMINATION  HELD  AUGUST  25,  26  AND  27, 1904. 

Name,  Addren.  No.  of  CartifieaU, 

M.S.Smith Barnett 94 

Judge  Williams Clinton 101 

Oscar  Schalatter Harmony 162 

John  Boucher Brazil 80 

RayLyday Clinton 78 

George  M.  Hubble Merom 21 

Ralph  C.  Payton  Hillsdale 50 

N.H.Brown   Sullivan 24 

WalterS.Ncal Jasonville 5 

Will  C.Witt Bicknell....' 6 

W.R.  Maddex Linton 8 

Mark  MoConnell ^ Farmersburg 12 

Joseph  Bisoh St.  Marys 19 

John  Harlove Farms  worth 2 

O.M.  Hicks Midland 51 

A.  C.  Stewart Fort  Branch 3 

Grant  Johnson Shelburn 55 

D.G.Sims .' Linton 52 

Clarence  Sides Fort  Branch 56 

B.  J.Hixon Terre  Haute OT 

Archie  Kelly W.  Terre  Haute 60 

Geo.  Arrosmith Fontanet 63 

Hodson  Neal Delcarbo 69 

Raymond  L.Bevis Terre  Haute 72 

Winford  Crager Dugger 49 

Charles  W.  Miller Brazil 

Wm.G.  Spears Brazil 


CBBTIFIOATES   OJf   SEBVIOE. 
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SERVICE  OERTIFICATES. 

Seventeen  service  certificates  were  granted  within  the  year, 
as  follows :  Mine  Boss,  11 ;  Fire  Boss,  1 ;  Hoisting  Engineer,  5. 
Following  will  be  found  the  names  and  addresses  of  those  to 
whom  certificates  were  issued  : 


MINE  BOSS. 

Name,  Addretuea. 

Chu.  A.  Gil moD Alum  Cave  . . 

Samael  L.  Price Vincennes  . . . 

Wm.  E.White ETansville... 

John  Brownlee Terre  Haute  . 

Wm.  S.  Osborn Carbon 

Robert  Straaghn Rosedale 

OmerBolinger Shelbarn 

Chas.  Bennett Corey 

Herbert  Haag Cannelsburg. 

Ralph  Sharpe Camming 

Henry  L.  Pirtle Alum  Cave  . . 


Dah 

!. 

March  17 

Jane 

Jane 

June 

June 

21 

June 

17 

Jnly 

July 

Jaly 

10 

Aag. 

15 

Ang. 

6 

Name. 
William  Wilaon 


FIRE  BOSS. 

Addre9», 
..Salliyan  ... 


Date, 
April    21 


HOISTING  ENGINEER. 

Name,  Addreuea.  Date. 

H.S.Shee Terre  Haate Dec.  22 

Jas.E.  Stall Washington Feb.  2» 

Bphriam  Colbert Washington Jan.  15 

Jaa.  TraloYe Clinton Jan.  15 

Von  O.Lambert Ehrmandale Aag.  12 
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TABLE, 

Showing  by  Countiei  Names  of  Mines,  Oeotogieal  Number  of  Coal  Seams,  Thickness  of 
Coal  Seams  by  Feet  and  Inches,  Depth  of  Coal  in  Feet,  and  the 

Nature  of  Roof  and  Floor, 

BLOCK  COAL  MINES. 
CLAY  COUNTY. 


NAME  OF  MINE. 


oS 

^g 

tt-i   • 

O 

•3« 

m  «a 

O 

.2* 

00   9 

2M 

S- 

«f  o 

as. 

«  s 

^5 
0,« 

oo 

^^5 

«QQ 

O 

H 

Q 

Nature  of  Roof. 


Nature  of  Floor. 


Brazil  Block  No.  1 

Diamond  No.  5 

Brazil  Block  No.  7 

Brasil  Block  No.  8 

Brazil  Block  No.  10 

Continental 

RebStock 

Lawrence  No.  6 

Lawrence  No.  7 

Cornwall | 

Crawford  No.  5 

Crawford  No.  6 

Crawford  No.  7 j- 

Crawford  No.  8 

Lower  Vein  Block 

Crawford  No.  9 

Monnrch 

Dan  Davis 

Crawford  No.  4 

Brazil  Block  No.  4 

Superior  No.  4 

Eureka  No.  5 

Indiana  Block  Coal  Co . .. 
Crawford  No.  2 


IV 

8' 8" 

101 

IV 

3'  6" 

43 

IV 

4' 

Slope 

in 

S'8" 

89 

III 

3' 6" 

65 

III 

4' 

6) 

III 

3' 3" 

85 

III 

4'  h" 

41 

IV 

3' 7" 

82 

IV 

4' 

iir 

3' 6" 

86 

III 

3' 8" 

III 

2' 6" 

116 

IV 

3' 8" 

III 

3' 6" 

H 

III 

3'  9" 

50 

IV 

3' 9" 

48 

IV 

4' 

86 

IV 

8' 6" 

81 

IV 

3' 6" 

57 

IV 

4' 

III 

4' 

160 

IV 

3'  8" 

90 

IV 

3' 

•  «  *  •   ■%  •  • 

III 

3' 

248 

IV 

2' 

# 

III 

3' 6" 

116 

IV 

S' 

58 

IV 

3' 6" 

68 

Gray  shale . 
Gray  shale, 
Gray  shale. 
Sand  shale, 
Sand  shale 
Sand  shale 
Sand  shale 
Sand  shale 
Blue  shale  . 
Gray  shale, 
Sand  fhale 
Sand  shale 
Sand  fhale 
Blue  shale 
Sand  shale 
Sand  shale 
Gray  shale . 
Blue  shale  , 
Blue  shale  . 
Blue  sha'e 
Blue  shale  , 
Sand  shale. 
Blue  shale  . 
Blue  shale  , 
Gray  shale. 


Gray  shale, 
Gray  shale 
Blue  shale 


Sandy  under 
Sandy  under 
Sandy  under 
Light  under 


Light 
Light 
Light 
Light 


under- 
under- 
under- 
under 


Sandy  under- 
Sandy  under- 
Light  under- 
Light  under- 
Light  under- 
Snndy  under- 
Light  under- 
Light  under- 
Sandy  under- 
Sandy  under- 
Sandy  under- 
Sandy  under- 
Sandy  under- 
Light  uuder- 
Sandy  under- 
Sandy  under- 
Light  under- 


day, 
-clay, 
-clay, 
rlay. 
clay, 
clay, 
clay, 
clny. 
-clny. 
day. 
clay, 
clay, 
clay, 
•clay, 
clay, 
clay, 
day. 
-clay, 
day. 
day. 
■clay, 
clay, 
■clay, 
day. 
clay. 


Light  under-clay. 
Sandy  nnder-clay. 
Sandy  nnder-clay. 


BITUMINOUS  MINES 


CLAY  COUNTY. 


01oyerl%nd  No.  t 

Cloverland  No.  2 

Fair  View 

Klondike  

GiflFordNo.l 

OiffordNo.2 :.... 

Fortner 

GlenNo.l 

GlenNo.2 { 

Pearl 

Lewis 

VWianNo.4 

Vivian  N«.5 

GoldKnobb 

Island  Valley  No.  4 


VI 

r 

VI 

r 

vr 

r 

VI 

6' 9" 

III 

4'  4" 

III 

4'  6" 

V 

3'  4" 

III 

4' 6" 

IV 

4' 

III 

3'  3" 

VI 

r 

V 

9' 

III 

5' 6" 

IV 

5' 

III 

6'  6" 

IV 

6' 6" 

100 
90 


25 

no 

75 
1<>0 
101 


32 

77 

107 

43 


104 


Brown  shale  . . 
Brown  shale  . . 
Bro«n  shale .. 
Brown  shale . . 

Sand  shale 

f^and  shale 

Bla<*k  shale .   . 

Sand  shale 

Blue  shale 

Sand  shale 

Brown  'hale . . 
Black  shale ... 

<-iray  shale 

Gray  shale 

Dark  shale.. 
Massive   sand 
stone 


Dark  under-elay. 
Dark  nnder-clay. 
Dark  under-day. 
Dark  under-clay. 
Light  under-day. 
Light  under-clay. 
Bluish  under-clay. 
Light  uader-clay. 
Sandy  under-c]»y. 
Light  nnder-clay. 
Dark  under-clay. 
Bluish  under-clay. 
Dark  under-clay. 
Sand  grit. 
Dark  under-clay. 

Sand  grit. 
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DAVIESS  COUNTY. 


NAME  OF  MINE. 


6B 

^t 

OB 

c8 

0 

•301 

00  flS 

0 

.S* 

2CQ 

-2^ 

MO 

a^ 

a 

eolo 
ofC 

hick 
Coal 

epth 
Seal 

GJ 

H 

P 

Hoosier 

Montgomery  No.  9 
Montgomery  No.  3 

Union 

Mutual 

Wheatland 

Mandabaoh 


Nature  of  Roof. 


Nature  of  Floor. 


Ill 

3' 7" 

50 

V 

3' 8" 

05 

V 

3'  8" 

100 

V 

3' 

50 

Til 

4' 6" 

ICO 

VII 

5 

100 

V 

6' 

• 

56 

Sandstone 

Sandstone 

Sandstone 

Sandstone 

Gray  shale 

Gray  shale 

Black  shale 


Light  under-olaj. 
Bluish  nnder-clay. 
Blui*'h  nnder-elay. 
Bluish  under-elay. 
Light  under-clay. 
White  under-elay. 
Bluish  under-clay. 


FOUNTAIN  COUNTY. 


Rush 

• 

Silrerwood 

GIBSON  COUNTY. 


Fort  Branch 

Oswald 

Massy 


VI 

6' 

262 

V 

6' 10" 

450 

V 

4' 6" 

50 

Brown  shale 
Gray  shale.. 
Black  fhale. 


Dark  under- clay. 
Bluish  nnder-elay. 
Bluish  under-clay. 


GREENE  COUNTY. 


Black  Creek 

Island  No.  1 

Pennsylvania  Co 

IslandNo.2 

IslandNo.S 

Island  No.  5 

Gilmour 

Hoosier  No.  1 

Hoosier  No.  2 

Island  Valley  No.  2 

Island  Valley  No.  3 

Island  Valley  No.  4 

South  Linton 

Midland 

Vulcan 

Summit  No.  2 

Templeton 

Victoria 

Glenburn  

Antioch 

Tower  Hill 

Green  Valley 

Lattis  Creek 

AtlasNo.l 

AtlasNo.2 

Fry 

Letsinger 

Northwest | 

Twin I 

North  Linton 


IV 

4' 8" 

IV 

6' 

66 

in 

7' 6" 

217 

IV 

6' 

d5 

IV 

5' 

72 

IV 

5' 

56 

IV 

5' 4" 

152 

IV 

3' 7" 

133 

V 

r 

46 

V 

7' 6" 

105 

IV 

5' 6" 

47 

IV 

5' 6" 

104 

IV 

5' 

81 

HI 

r 

245 

V 

r 

•  •  •  ■    •  •  •  ■ 

IV 

5' 6" 

ISO 

IV 

5' 

52 

IV 

5' 8" 

122 

IV 

4' 6" 

102 

IV 

4'  6" 

176 

III 

r 

132 

IV 

5' 2" 

127 

IV 

5' 

153 

IV 

5' 6'' 

132 

IV 

6' 

128 

IV 

3' 7" 

87 

III 

7' 6" 

III 

re" 

217 

IV 

5' 

76 

V 

«' 

56 

IV 

4' 

152 

IV 

4' 2" 

68 

Gray  shale 

Gray  shale 

Brown  shale  . . 

Gray  shale 

Gray  shale 

Gray  shale 

Gray  shale 

Massive  sand 

stone 

Black  shale... 
Black  shale... 
Gray  shale. 
Massive  sand 

stone 

Gray  shale 

Brown  shale.. 
Black  shale... 

Gray  shale 

Gray  shale 

Gray  shale — 

Gray  shale 

Gray  shale 

Brown  shale . . 
Massive  sand- 
stone   

Gray  shale 

Gray  shale 

Gray  shale.... 
Gray  shale  — 
Brown  shale . . 
Brown  shale . . 

Gray  shale 

Black  shale ... 

Gray  shale 

Gray  shale 


Sand  grit. 
Sand  grit. 
Dark  under  clay. 
Sand  grit. 
Sand  grit. 
Sand  grit. 
Sandstone. 

Sandstone 
Bluish  under*clay. 
Bluish  under-clay. 
Sand  grit. 

Sandstone. 
Sand  grit. 
Dark  under-clay. 
Dark  under-clay. 
Sand  grit. 
Sand  grit. 
Sand  grit. 
Rand  grit. 
Sand  grit. 
Dark  under-clay. 

Sandstone. 

Sandstone. 

Sand  grit. 

Sand  grit. 

Black  oitumi'ous  shale 

Dark  under- clay. 

Dark  under-clay. 

Sand  grit. 

Fire  cla^. 

Sand  grit. 

Sand  grit. 
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BITUMINOUS  MINES— Continued. 
KNOX  COUNTY. 


NAME  OF  MINE. 


• 

. 

«g 

v^ 

^8 

s 

•3* 

s  <> 

0 

5  0 

•OQ 

5^- 

uo 

fl  — 

-  S 

00 

^1 

CO 

.50 

OOQ 

0 

H 

Q 

Nature  of  Roof. 


Nature  of  Floor. 


•Knox 

Bioknel 

Proipect  Hill 
Enterprise . . . 
Pine  Knot.... 


VI 

4/4// 

103 

VI 

4/4// 

92 

VII 

3' 

335 

VI 

4' 8" 

154 

VI 

4"  6" 

210 

Brown  shale . . . 
Brown  shale  . . . 
Light  gr'y  shale 
Brown  shale  . . . 
Brown  shale . . . 


Dark  nnder-olay. 
Dark  nnder-clay. 
White  under-day. 
Dark  under-elay. 
Dark  nnder-olay. 


BLOCK  MINES. 
PARKE  COUNTY. 


Brazil  Block  No.  12. 

Mary 

Crawford  No.  10 

Superior  No.  1 

Superior  No.  2 


Superior  No.  3 

Pan- American 

BrasllBlockNo.9. 


Ill 

8'   6" 

96 

III 

4' 10" 

105 

III 

6' 

108 

f  IV 

III 

4' 

3'    6" 

135 

f  IV 

III 

3'    8" 

40 

4' 

64 

III 

4' 

70 

IV 

4'    6" 

120 

Sand  shale. 
Sand  shale. 


Sand 
Gray 
Sand 
Gray 
Sand 
Sand 
Gray 


shale, 
shale, 
shale, 
shale, 
shale, 
shale, 
ihale. 


White  nnder-clay. 
White  under-clay. 


White 
Sandy 
White 
Sandy 
White 
White 
Sandy 


under-clay. 
nnder-clay. 
under-clay. 
under-clay. 
under-clay. 
under-clay. 
nnder-olay. 


BITUMINOUS  MINES. 
PARKE  COUNTY. 


LyfordNo.l.. 
Pjirk  No.  11... 

Harrison 

Coz  N0.3 

Lucia 

Minshal  No.l 
MinshalNo.2 
Briar  Hill.  .. 
Mecca  No.  3. . 
Mecca  No.  4.. 


VI 

CG" 

VI 

6' 6" 

102 

IV 

4' 

VI 

V 

94 

III 

4' 

134 

III 

4' 6" 

150 

III 

5' 

VI 

5' 

Drift 

III 

6' 

166 

III 

6' 6" 

Brown  shale . 
Brown  shale . 
Gray  shale... 
Brown  shale . 
Sand  shale... 
Sand  shale . . . 
Sand  shale... 
Brown  shale. 
Gray  shale... 
Gray  shale . . . 


Dark  under-clay. 
Dark  under-clay. 
Sandy  under-clay. 
Dark  under  clay. 
White  under-clay. 
White  under-clay. 
White  under-elay. 
Dark  under-clay. 
White  under-clay. 
White  under-clay. 


PERRY  COU. 

NTY 

Lincoln  

n 
II 

II 

3' 4" 
3' 

Slope 
60 

Troy 

Massive  sand- 
■tone 

Sandstone. 

Cannelton 

PIKE  COUNTY. 


Aberdeen  

Ayrshire  No.  3. 
Ayrshire  No.  4 . 
Ayrshire  No.  5 . 
Ayrshire  No.  6 . 

Blackburn 

Littles 

Rogers   

Hartwell 

Petersburg 

Carbon 

Winslow  No.  2 
Winslow  No.  3 
Winslow  No.  4 


t 

4' 6" 

43 

V 

5' 

22 

V 

4' 8" 

Slope 

V 

5' 

Drift 

V 

4' 10" 

Drift 

V 

6' 6" 

Slope 

V 

6' 6" 

80 

V 

r 

Slope 

V 

5' 

Drift 

V 

5' 

52 

V 

4' 6" 

Slope 

V 

5' 

Slope 

V 

5' 

Slope 

V 

4' 10" 

Black  shale... 

Sandstone 

Sand  shale 

Black  shale  — 

Black  shale 

Black  shale 

Black  shale  — 
Black  sh<le.... 
Black  shale  — 

Black  shale 

Black  shale  ... 
Black  shale  — 
Black  shale...." 
Blaek  shale.... 


Bluish  under- olay. 
Light  under-clay. 
Light  under-day. 
Bluish  under-clay. 
Bluish  under-clay. 

nnder-clay. 

under-clay. 

under-day. 

under-clay. 
Bluish  under-clay. 
Bluish  nnder-olay. 

under-clay. 

nnder-clay. 


Bluish 
Bluish 
Bluish 
Bluish 


Bluish 
Bluish 


Bluish  under-day. 
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SULLIVAN  COUNTY. 


VANDBBBURQH  COUNTT. 
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BITUMINOUS  MINES- ConUnued. 
VIGO  COUNTY. 
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FATALITIBS    AND   INJUBIES. 


FATALITIES  AND  INJURIES. 


An  aggregate  of  two  hundred  and  forty-seven  (24 
to  mine  employes  was  reported  to  this  office  during  th( 
classed  as  follows :  Fatal,  thirty-four  (34)  ;  serious,  ( 
and  thirty-two  (132),  and  minors,  eighty-one  (81).  1 
causes  of  the  accidents  and  the  occupation  of  those 
shown  in  the  two  following  tables : 

^  TABLE, 

Exhibiting  the  Number  of  Caaualties  Arising  in  Indiana  Mines 
Year  1904,  and  the  Different  Oames  Thereof. 


CAUSE  OF  ACCIDENT. 


flS 


9 

O 

U 

GQ 


FaUing  ilaU 

Falling  coal 

Smoke  explosion 

Powder  ezplosions 

Delayed  shot* 

Prematare  shots 

Blown  out  shots 

Misplaced  shots 

Mine  (^ages 

Kicked  by  male 

Mine  cars   

Falling  down  shafc 

Mining  machine! 
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FATAL  ACCIDENTS. 

The  following  is  a  detailed  statement  of  facts  and  circumstances 
attending  each  of  the  fatal  accidents  that  have  taken  place  in  the 
mines  of  this  State  during  the  year  1904,  as  established  by  inves- 
tigation made  either  by  myself  or  one  of  my  assistants  acting  in 
conjunction  with  the  coroner  of  the  county  in  which  the  accidents 
have  occurred;  also,  some  comments  on  same: 

CLAY  COUNTY. 

The  first  mine  accident  resulting  in  death  occurred  on  January 
13th,  in  the  Collins  Coal  Company's  No.  1  Mine,  at  about  8 :30 
o'clock  on  the  morning  of  the  above  date.  Thomas  Welch,  a 
miner,  68  years  of  age,  employed  at  this  mine,  was  working  at  the 
face  of  his  room,  when,  apparently  without  warning,  a  large  iron- 
stone boulder  (commonly  called  by  miners  a  nigger  head),  meas- 
uring six  feet  in  length,  five  feet  wide  and  twelve  inches  thick, 
suddenly  gave  way,  falling  on  him,  crushing  and  injuring  him  so 


that  he  died  a  few  minutes  later.  On  examination  it  was  found 
that  the  houlder  had  been  almost  completely  imbedded  in  the  roof, 
with  only  a  small  portion  of  the  lower  surface  visible,  showing  on 
a  line  with  the  roof,  and,  being  of  different  formation,  also  sep- 
arated it  from  the  strata  surrounding  it  by  a  glaze  or  thin  coat- 
ing of  coal.  It  was  practically  without  support,  loose  and  ready 
to  fall  when  the  coal  had  been  mined  from  under  it.  This  dan- 
gerous condition,  however,  was  not  noticeable,  and  would  have 
been  very  hard  to  determine  either  by  examining  or  by  soun'ding 
the  roof;  therefore,  decedent  could  not  have  been  aware  of  the 
danger  he  was  working  in  until  the  rock  fell,  resulting  in  his 
death. 

On  February  16th  Charles  Patrick,  a  miner,  17  years  of  age, 
was  killed  by  falling  draw  slate  in  the  Collins  Coal  Company's  No. 
2  Mine.  Little  was  learned  at  the  investigation  of  this  accident 
other  than  that  deceased  was  last  seen  alive  at  about  11 :30  o'clock 
a.  m.  of  the  above  date,  at  which  time  he  informed  the  driver, 
who  was  then  pulling  a  car  of  coal  from  his  room,  that  he  would 
load  no  more  coal  that  day,  and  as  his  working  place  was  located 
some  distance  from  those  of  his  fellow-workmen,  no  one  had  occa- 
sion to  visit  him  during  the  day.  At  about  7 :30  o'clock  p,  m.  a 
searching  party  found  him  at  the  face  of  his  room  lying  under  a 
piece  of  draw  slate  which  measured  ten  feet  long,  five'  feet  wide 
and  six  inches  thick.    Life  had  then  been  extinct  for  several  hours. 

On  April  13th.  Allen  Payne,  a  miner,  23  years  of  age,  was 
instantly  killed  by  a  delayed  bottom  shot  in  the  Lower  Vein  Block 
Coal  Company's  No.  1  Mine.  This  accident  was  investigated  by 
Assistant  Inspector  Thomas,  and  from  evidence  given  at  the  inves- 
tigation it  was  learned  that  at  firing  time  (3:25)  on  the  evening 
of  the  above  date  Walter  King,  a  miner,  whose  working  place 
was  near  that  of  the  deceased,  had  two  shots  ready  to  fire,  one  of 
which  was  tamped  on  fuse,  the  other  to  be  fired  by  a  squib,  A 
day  man  named  Wilson  also  had  a  bottom  shot,  which  was  charged 
with  one  and  one-half  pounds  of  dynamite,  ready  to  fire  in  the 
same  room.  Arrangements  were  made  that  Payne  should  assist 
King  in  firing  his  shots,  they  to  light  one  shot  each  at  the  same 
time  thflt  Wilson  would  liirht  the  bottom  shot.     In  the  hurrv  and 
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King  succeeded  in  lighting  his  squib,  but  deceased  failed  to  light 
the  fuse  in  the  shot  he  was  trying  to  fire.  They  then  ran  to  a 
place  of  safety,  and,  after  waiting  about  one  minute  or  so,  two 
shots  were  heard  to  explode,  wliich  they  thought  were  in  King's 
room.  Several  other  shots  were  being  fired  at  the  same  time  in 
this  part  of  the  mine,  and  after  results  proved  that  it  was  one  of 
these  that  they  heard  instead  of  the  bottom  shot.  After  hearing 
the  two  shots  explode  they  rushed  back  into  the  room  to  fire  the 
one  which  Payne  failed  to  light,  and  when  decedent  had  gotten 
directly  over  the  bottom  shot  it  exploded,  killing  him  instantly 
and  seriously  injuring  King.  Deceased  leaves  a  wife  and  t^^ro 
children.  A  conformance  to  the  statute  requiring  shots  to  be  fired 
in  rotation  might  have  prevented  this  accident. 

GREENE  COUNTY. 

On  March  31st  Samuel  Thorp,  assistant  mine  boss,  age  40  years, 
was  crushed  by  falling  slate  in  the  Lattas  Creek  No.  1  Mine,  sus- 
taining  internal  injuries  that  resulted  in  heart  failure,  of  which 
he  died  on  the  night  of  April  17th. 

From  evidence  given  at  the  investigation  of  the  accident  it  was 
learned  that  on  the  morning  of  the  31st  deceased  had  been  in- 
structed to  take  assistance  with  him  and  shoot  down  some  slate 
which  had  become  loose  and  dangerous  on  one  of  the  main  entries. 
A  hole  had  been  drilled  in  the  slate  on  the  day  previous,  and  his 
instructions  were  to  charge  this  hole  and  fire  a  shot  in  the  slate. 
Instead  of  following  instructions,  he  proceeded  to  knock  out  the 
timbers  from  under  the  slate  with  a  sledge  hammejr,  and  while 
so  engaged,  at  about  8  o'clock  a.  m.,  a, large  piece  of  slate,  eight 
feet  wide,  thirty  feet  in  length  and  eight  inches  thick,  suddenly 
gave  way  and  fell,  the  outer  edge  striking  him  and  inflicting  inju- 
ries as  above  stated.  It  was  not  thought  at  the  time  that  he  was 
seriously  injured,  and  there  is  some  doubt  as  to  whether  his  death 
w^as  due  to  injuries  received  from  the  slatefall  or  not.  He  leaves 
dependent  one  child. 

On  June  16th  AV.  L.  Haskins,  miner,  age  32  years,  was  fatally 
injured  by  a  blast  in  the  Victoria  Mine.  At  firing  time,  3  :30 
o'clock  p.  m.,  of  the  above  date,  deceased  and  another  miner 
nauied  Dority,  who  was  working  in  the  room  adjoining  that  of 
the  deceased,  had  two  shots  each  charged,  ready  to  fire,  all  of 
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Ilaskins  while  he  made  what  they  both  thought  was  thi 
cessful  attempts  to  ignite  the  fuse  in  the  shot  he  was 
fire.     (Later  results,  however,  proved  that  the  fuse 
ignited  in  one  of  the  three  attempts.)     After  waiting 
thought  there  was  danger  from  the  shots  he  had  previous! 
Dority  called  to  Haskins,  and  they  ran  to  a  place  of  safe 
they  waited  an  interim  of  perhaps  three  minutes,  duri 
time  they  heard  three  shots  explode.    Haskins  then,  thir 
he  had  failed  to  light  his  shot,  rushed  back  into  his 
the  purpose  of  doing  so,  and  when  within  ten  or  twelve 
the  shot  exploded,  pieces  of  coal  from  it  striking  and  inj 
so  badly  that  he  died  on  the  following  morning.     He 
dependents  a  wife  and  three  children.    Two  very  dange 
tices  are  exhibited  in  this  accident,  viz.,  the  use  of  fus 
firing  and  that  of  trying  to  fire  more  than  one  shot  i 
Had  the  ordinary  miners'  squibs  been  used  and  but  one 
at  a  time  in  rotation,  as  required  by  law,  the  accident 
doubtedly  not  have  happened. 

On  July  7th  Thomas  McClelland,  miner,  age  50  j 
fatally  injured  by  falling  down  the  Glenburn  hoisting  s 
the  time  he  met  his  death  deceased  w*as   employed 
dumper  at  the  top  of  the  mine,  in  which  capacity  he  waj 
porarily  employed,  during  the  time  certain  repairs  w 
ir\ade  in  the  bottom.    His  place  of  work  was  at  what  is 
the  dirt  landing,  located  about  twelve  feet  above  the  { 
first  landing.     He  and  one  other  person  were  employ( 
point,  their  duties  being  to  pull  the  loaded  cars  off  th 
they  were  hoisted,  push  them  to  a  point  some  400  fe 
from  the  shaft,  dump  and  return  the  empty  cars  to  the 
about  9  o'clock  on  the  morning  of  the  accident  they  had 
taken  a  loaded  car  off  the  cage  and  during  the  interval 
to  return  the  empty  the  mine  superintendent,  wishing  tc 
into  the  mine,  caused  the  cage  to  be  lowered.     The 
returning  with  the  empty  car,  not  knowing  that  the 
been  moved,  pushed  it  over  into  the  shaft.     McClelland 
tarily  clinging  to  it,  was  also  pulled  into  the  shaft,  fall 
tance  of  about  seventy  feet,  striking  the  top  of  the 
receiving  injuries  from  which  he  died  during  the  night  : 
He  leaves  as  dependents  a  wife  and  eight  children.    Th 
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which  were  tamped  on  fuse.  Arrangements  were  made  that 
Dority  should  light  his  two  shots  first,  then  pass  through  the 
breakthrough  between  the  two  rooms  and  assist  Haskins  to  fire, 
they  to  light  one  shot  each  at  the  same  time,  thus  lighting  the 
four  shots  in  rotation  before  any  one  of  them  would  have  time  to 
explode.  This  they  proceeded  to  do,  and  Dority  had  lighted  both 
of  his  shots  and  one  of  those  in  Haskins'  room,  and  was  watching 
tendent,  as  did  others,  gave  evidence  at  the  investigation  that  he 
had  called  twice  to  the  dumpers  notifying  them  that  he  intended 
using  the  cage,  yet  the  dumper  who  was  working  with  McClelland 
testified  that  they  had  heard  no  such  order.  Be  that  as  it  may, 
the  superintendent,  knowing  the  danger  of  moving  the  cage  under 
existing  conditions,  should  be  censured  in  not  waiting  until  fully 
assured  that  both  men  had  heard  his  order  before  causing  the  cage 
to  be  moved. 

On  December  23d  a  second  fatal  accident  occurred  in  this  mine, 
when  Raymond  Little,  driver,  age  17  years,  and  single,  waa 
crushed  to  death  beneath  a  loaded  mine  car  in  the  Glenbum  Mine. 

No  one  witnessed  this  accident,  and  little  could  be  learned  at 
the  investigation  other  than  when  last  seen  alive  decedent  was 
coming  out  of  a  cross-entry  with  a  loaded  car,  riding,  by  standing 
with  one  foot  on  the  drawbar  in  the  front  end  of  the  car  and  the 
other  one  on  the  tail  chain.  From  the  fact  that  the  mule  was 
loose  from  the  car  and  was  continuing  on  its  way  out  of  the  entry 
when  the  accident  was  reported,  it  is  presumed  that  the  hook  in 
the  tail  chain,  in  some  way,  became  detached  from  the  car,  thus 
causing  him  to  fall  to  the  roadway  directly  in  front  of  it.  When 
found  he  was  lying  beneath  the  car,  about  the  center,  life  extinct. 

On  October  25th  Starlin  Center,  miner,  age  32  years,  single, 
was  almost  instantly  crushed  to  death  by  falling  slate  in  the 
Island  No.  2  Mine.  Deceased  and  several  other  persons  were  at 
work  in  the  morning  of  the  above  date  cleaning  up  and  construct- 
ing a  cut-off  roadway  through  an  old  abandoned  room  to  recover 
a  pair  of  cross-entries  which  had  caved  in.  At  about  11:30 
o'clock  a.  m.  he  was  loading  dirt  from  along  the  side  of  the  room 
pillar,  working  under  a  ledge  of  slate  which  extended  out  over 
the  roadway,  when  suddenly  this  slate  ledge,  measuring  sixteen 
feet  in  length,  three  feet  wide  and  eighteen  inches  thick,  gave 
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way,  falling  on  him,  crushing  him  so  that  death  resulted  before 
the  slate  could  be  removed,  an  interim  of  perhaps  five  minutes. 

On  November  Ist  James  Layman,  driver,  age  17  years,  and 
single,  was  run  over  and  crushed  to  death  by  a  loaded  mine  car 
in  the  Black  Creek  Mine.  Deceased  was  driving  a  parting  team, 
hauling  coal  from  a  double  parting  on  the  main  entry  to  the  shaft 
bottom.  At  about  2:20  o'clock  p.  m.  he  was  coming  out  with  a 
trip  of  three  loaded  cars,  riding  on  the  front  end  of  the  first  car, 
when,  in  some  way,  hei  slipped  and  fell  under  the  car,  which 
passed  almost  entirely  over  him,  crushing  and  killing  him  in- 
stantly. 

On  December  9th  a  second  fatal  accident  occurred  in  this  mine. 
Larry  Bays,  miner,  age  23  years,  and  single,  was  fatally  injured 
by  falling  draw  slate.  There  was  no  one  present  at  the  time  the 
accident  occurred,  and  when  found  by  the  driver,  who  had  gone 
into  his  room  to  pull  a  car,  at  about  1 :20  o'clock  p.  m.,  he  was 
lying  under  a  large  piece  of  slate,  unconscious,  in  which  state  he 
remained  until  death  relieved  him,  at  about  12  o'clock  midnight 
of  the  same  date. 

KNOX  COUNTY. 

On  August  16th  George  Ballow,  age  34  years,  and  ToUard  M. 
Goldman,  age  45  years,  sinkers,  met  their  death  by  falling  down 
an  escape  shaft  which  they  were  sinking  for  the  Enterprise  Hill 
Coal  Company.  An  investigation  of  this  accident  was  made  by 
Assistant  Inspector  Thomas,  at  which  time  it  was  learned  that 
the  company,  in  providing  a  hoisting  apparatus  to  be  used  in 
sinking  this  escape  shaft,  had  converted  a  traction  into  a  hoisting 
engine  by  covering  one  of  the  traction  wheels  with  short  wooden 
slats  and  using  it  as  a  winding  drmn.  Ballow  and  Goldman  were 
working  on  the  night  shift,  and  at  about  11  o'clock  p.  m.  of  the 
above  date  had  prepared  to  descend  the  shaft  and  begin  their 
shift.  After  calling  to  the  engineer,  asking  if  all  was  right,  and 
receiving  an  affirmative  reply,  they  stepped  into  the  sinking 
bucket  and  signaled  him  to  lower  away.  The  engineer  started  his 
engine  and  had  unwound  about  fifteen  feet  of  rope,  when  it  sud- 
denly slipped  from  the  surface  of  the  drum,  thus  allowing  the 
bucket,  with  its  human  load,  to  fall  about  four  feet,  when  the 
rope  was  caught  by  the  main  shaft  of  the  engine,  the  sudden  jerk 
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causing  the  men  to  lose  their  hold  on  the  rope,  falling  to  the 
bottom  of  the  shaft,  a  distance  of  about  125  feet,  killing  them 
both  instantly.  Goldman  leaves  as  dependents  a  wife  and  six 
children. 

PAKKB  COUNTY. 

On  January  12th  Bert  Challis,  driver,  age  23  years,  single,  was 
crushed  to  death  by  a  mine  car  in  the  Parke  No.  11  Mine. 
There  was  no  one  present  immediately  at  the  time  of  the  accident, 
and  little  was  learned  on  investigaticm  otlier  than  that  when  dece- 
/  dent  was  last  seen  alive  he  was  riding  on  the  front  end  of  a  loaded 
mine  car,  coming  down  a  verv^  heavy  grade  without  spraggs.  It  is 
presumed  that  the  car  was  running  at  a  high  rate  of  speed,  and 
that  he  slipped  and  fell  under  it.  When  found  he  was  lying 
under  the  car  between  the  axles,  life  extinct. 

PIKE  COUNTY. 

On  January  13th  Joseph  Keys,  miner,  age  50  years,  and  Willis 
Hall,  also  a  miner,  age  30  years,  were  fatally  burned  by  an  explo- 
sion of  blasting  powder  in  the  Carbon  Mine.  An  investigation 
of  this  accident  developed  the  fact  that  it  was  brought  about  by 
carelessness  on  the  part  of  one  of  the  decedents  seldom  exhibited 
by  even  those  who  are  the  most  ignorant  in  the  use  and  handling 
of  explosives.  The  point  at  which  the  accident  occurred  was  some 
forty  feet  from  the  face  of  Keys'  working  place,  the  location  of 
his  powder  box,  containing  two  full  kegs  of  powder  and  one  keg 
which  had  been  partly  used.  A  large  hole  had  been  made  in  the 
top  of  this  keg,  and  it  had  been  left  standing  open.  The  box  also 
contained  a  roll  of  fuse  which  was  thought  to  be  damp.  In  order 
to  determine  this  fact  Keys  took  up  the  fuse  and  applied  his  lamp 
to  the  powder  in  the  end  of  it,  wliich  ignited  and  commenced  to 
burn,  and  while  standing  almost  directly  over  the  box,  he  cut  off 
a  short  piece  of  the  fuse,  the  burning  end  falling  into  the  open 
powder  keg,  exploding  the  powder  and  burning  him  so  badly^that 
he  died  one  week  later.  It  was  not  thought  at  the  time  that  Hall 
was  fatally  injured,  yet  death  resulted  two  weeks  from  the  date 
of  the  accident.  Keys  leaves  as  dependents  a  wife  and  one  child 
and  Hall  a  wife  and  three  children. 

On  October  3d  two  more  lives  were  sacrificed  to  the  use  of  fusQ 
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in  shot  firing.  David  Key,  miner,  age  49  years,  and  Evert  Bot- 
kins,  37  years  of  age,  also  a  miner,  were  killed  by  a  blast  in  the 
Ayrshire  Xo.  3  Mine.  With  the  exception  thai  two  lives  were 
lost,  this  accident  is  an  exact  counterpart  of  that  occurring  in  the 
Victoria  Mine  in  Greene  County ;  i.  e.,  Key  had  two  shots  ready 
to  fire  at  firing  time  (3  :30  o'clock  p.  m.),  both  of  w^hich  were 
tamped  on  fuse,  and  Botkins  was  assisting  him  to  fire  them,  they 
to  light  one  shot  each  at  the  same  time.  Botkins  succeeded  in 
lighting  his  shot,  and,  thinking  that  Key  had  done  the  same,  ran 
"out  on  the  entry  to  a  place  of  safety  w4tli  him,  where  they,  waited 
until  they  heard  a  shot  explode.  Key  then  said  that  he  thought 
he  had  failed  to  get  his  shot  lighted,  Botkins  replying  that  they 
had  better*  get  back  and  light  if  before  the  smoke  got  too  strong. 
They  then  rushed  back  into  the  room  for  the  purpose  of  doing  so, 
and  w^hen  within  about  fifteen  feet  of  the  shot  it  exploded,  killing 
Key  instantly  and  injuring  Botkins  so  badly  that  he  died  six 
hours  later.  Both  of  the  unfoi-tunates  leave  as  dependents  a  wife 
and  three  children  each. 

On  October  26th  Louis  Mallory,  miner,  age  30  years,  and  sin- 
gle, was  fatally  injured  by  falling  slate  in  the  Ayrshire  No.  4 
Mine.  At  the  time  of  the  accident  he  was  loading  a  car  of  coal 
from  the  end  of  a  pillar  which  he  w-as  drawing,  when  a  piece  of 
draw  slate  suddenly  gave  way,  striking  him  on  the  head,  inflicting 
what  was  thought  at  that  time  to  be  merely  a  scalp  wound.  A 
few  days  later  he  took  to  his  bed  and  was  bleeding  at  the  ears. 
A  doctor  was  called  and  upon  examination  it  was  discovered  that 
he  had  suffered  a  basilar  fracture  of  the  skull,  and  that  an  opera- 
tion would  be  necessary  to  remove  the  blood  clot  on  his  brain. 
This  was  done,  but  Mallory  did  not  recover,  and  died  Novem- 
ber 4th. 

SULLIVAN  COUNTY. 

March  16th  Elmer  DeLapp,  car  greaser,  age  15  years,  was 
killed  by  falling  slate  in  the  Wilfred  No.  1  Mine.  Deceased  was 
not  working  on  the  day  of  the  accident,  but  he  had  gone  down 
the  manway  into  the  mine  in  the  afternoon  visiting. .  Among 
other  places  he  visited  was  that  of  a  miner  nameil  Treadway^  with 
whom  he  remained  until  firing  time.  Tread w^ay  had  two  shots 
ready  to  fire,  which  deceased  insisted  on  lighting.    lie  finally  did 
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light  one,  against  Treadway's  wishes,  and  was  returning  to  light 
the  remaining  one,  when  a  large  piece  of  draw  slate,  fifteen  feet 
wide,  seventeen  feet  long  and  from  two  to  four  inches  thick,  fell  on 
him,  kiUing  him  instantly. 

March  16th  Fred  Oliver,  miner,  age  19  years,  single,  was 
fatally  injured  by  an  electric  shock  in  the  Sunflower  Mine.  From 
evidence  given  at  the  irtvestigation  of  this  ajbcident  it  was  learned 
that  at  about  9  o'clock  on  the  morning  of  the  accident  the  wick 
or  cotton  in  decedent's  lamp  being  nearly  exhausted,  he  had  gone 
into  a  neighbor's  room  to  get  a  new  one.  Failing  to  get  one  there, 
he  started  out  to  try  elsewhere.  In  leaving  the  room  his  lamp  was 
extinguished,  but  he  continued  his  way  in  the  dark,  and,  miscalcu- 
lating the  distance  he  had  traveled,  came  into  contact  with  a  live 
electric  wire  located  across  the  entry  from  the  mouth  of  the  room. 
It  is  presumed  that,  being  in  the  dark,  he  stumbled  and  fell,  his 
face  striking  the  wire.  The  contact  only  lasted  from  fifteen  to 
thirty  seconds,  when  assistance  reached  him,  yet  death  resulted 
from  the  shock  ten  minutes  later.  Two  hundred  and  fifty  volts 
(the  maximum  electric  load  carried  in  this  mine)  is  not  considered 
dafagerous  to  human  life,  unless  the  contact  continues  for  a  con- 
siderable length  of  time,  yet  two  deaths  have  occurred  in  the 
mines  of  the  State  within  the  past  eighteen  months  where  the 
voltage  carried  was  less  than  the  above  number,  and  in  each  in- 
stance the  contact  lasted  but  a  few  seconds.  There  should  be  a 
law  enacted  prohibiting  the  use  of  naked  wires  on  traveling  or 
haulage  roads. 

On  June  3d  Alfred  McClelland,  driver,  age  20  years,  was  killed 
by  falling  slate  in  the  Freeman  Mine.  At  the  ,time  of  the  acci- 
dent deceased  was  hauling  water.  At  about  2 :4:5  o'clock  p.  m. 
he  was  going  into  the  mine  with  an  empty  water  box,  riding  on 
the  tail  chain  between  the  mule  and  the  box,  and  when  passing 
thr.ough  a  double  parting  on  the  main  entry  a  piece  of  slate, 
three  feet  wide,  seven  feet  long  and  four  inches  thick,  fell  on 
him,  crushing  his  head  against  an  iron  rail,  death  resulting  fifteen 
minutes  later. 

June  4:th  Perry  Kirkham,  miner,  age  24  years,  was  fatally 
injured  by  falling  slate  in  the  Bruillette's  Creek  No.  6  Mine.  He 
and  his  buddie  were  at  work  at  the  face  of  their  room  on  the  morn- 
ing of  the  above  date,  loading  a  car  of  coal.    At  the  time  of  the 
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accident  decedent-  was  shoveling  coal  from  under  a  horse-back  or 
roll,  when  suddenly,  without  warning,  a  large  portion  of  it  gave 
way,  falling  on  him,  crushing  and  injuring  him  so  that  he  died 
within  a  few  hours.  He  leaves  as  dependents  a  wife  and  one 
child.  Considerable  n^ligence  on  the  part  of  both  decedent  and 
his  buddie  was  exhibited  in  this  accident,  as  they  knew  the  nature 
of  the  roof,  and  that  it  was  dangerous,  having  sounded  and  exam- 
ined it  a  short  time  previous  to  the  accident ;  yet  they  continued 
working  under  it  without  having  first  secured  it  with  props  or 
timber. 

On  May  26th  John  Griffin,  timberman,  age  36  years,  single, 
was  fatally  injured  by  falling  slate  in  the  Jackson  Hill  No.  2 
Mine.  Shortly  after  7  o'clock  on  the  morning  of  the  above  date 
deceased  was  at  work  trying  to  take  down  a  loose  slate  shot  which 
had  been  fired  on  one  of  the  cross-entries  the  previous  evening. 
At  the  time  of  the  accident  he  was  shearing  the  slate  through  on 
one  side  of  the  entry  for  the  purpose  of  loosening  it  more,  so  that 
it  could  be  taken  down  easily,  when  suddenly,  without  warning,  a 
large  piece  of  slate,  measuring  eight  feet  wide,  thirteen  feet  long 
and  six  inches  thick,  gave  way,  falling  on  him,  crushing  and  in- 
juring him  so  that  he  died  two  hours  later. 

On  July  21st  Edward  White,  driver,  age  17  years,  single,  was 
instantly  killed  by  being  run  over  with  a  loaded  mine  car  in  the 
Caledonia  Mine.  There  was  no  witness  to  this  accident,  and  little 
could  be  learned  at  the  investigation  other  than  that  when  last 
seen  alive  decedent  was  riding  on  the  front  end  of  a  trip  of  three 
loaded  cars,  on  his  way  from  a  double  parting  to  the  shaft  bottom. 
A  few  minutes  later  he  was  found  under  the  front  car  of  the  trip, 
life  extinct.  The  supposition  is  that  he  slipped  and  fell  under 
the  car,  as  there  was  evidence  on  the  roadway  of  his  having  been 
dragged  about  seventy-five  feet  before  the  trip  was  stopped. 

On  September  14:th  Samuel  E.  Shepherd,  age  26  years,  was 
killed  by  falling  slate  in  the  Union  Mine.  Deceased  and  eight 
other  persons  were  at.  work  on  the  night  shift,  shooting  up  bottom 
and  timbering  near  the  bottom  of  the  shaft,  preparatory  to  laying 
the  double  partings.  At  about  11 :15  p.  m.  they  had  fired  a  shot 
which  knocked  a  couple  of  props  out  from  under  some  very  loose 
slate,  and  were  at  work  clearing  away  the  debris,  so  that  the  props 
could  be  reset,  when  a  large  piece  of  slate,  measuring  four  feet 
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wide,  six  feet  long  and  twelve  inches  thick,  suddenly  gave  way  and 
fell,  killing  Shepherd  instantly  and  seriously  injuring  two  other 
persons.    Deceased  leaves  a  wife  and  one  child. 

On  October  18th  a  second  fatal  accident  occurred  in  the  Bruil- 
lette's  Creek  No.  6  Mine,  when  Mathew  Gibson,  miner,  age  21 
years,  single,  met  his  death  from  falling  slate.  This  accident  was 
very  similar  to  that  of  Kirkham.  At  about  8  :30  o'clock  a.  m. 
decedent  had  gone  to  visit  a  fellow-miner  named  Clark,  and  while 
sitting  near  the  face  of  the  latter's  room,  talking,  a  large  piece  of 
roof  of  slip  formation,  which  measured  eight  feet  long,  two  and 
one-half  feet  wide  and  eighteen  inches  thick,  suddenly  gave  way, 
falling  on  him  and  killing  him  instantly.  Clark  testified  that  he  . 
had  examined  and  sounded  the  rock  a  short  time  prior  to  the  acci- 
dent, and  could  not  detect  that  it  was  loose.  Koof  of  this  charac- 
ter is  very  treacherous,  and  cannot  be  watched  too  closely. 

VERMILLION  COUNTY.  ,  • 

On  January  9th  John  Thompson,  carpenter,  age  51  years,  sin- 
gle, met  his  death  by  falling  down  the  Crown  Hill  No.  2  hoisting 
shaft.  At  the  time  of  the  accident  (3:30  p.  m.)  Thompson  was 
at  work  putting  in  some  guides  in  the  tipple,  and  was  standing  on 
a  platform  located  about  thirty-eight  feet  above  the  ground  or 
surface  landing,  when  a  violent  smoke  explosion  occurred  in  the 
mine.  So  great  was  the  force  of  the  explosion  that  it  extended  up 
into  the  tipple,  causing  decedent  to  lose  his  footing  and  fall  to  the 
bottom  of  the  shaft,  a  distance  of  193  feet,  killing  him  instantly. 
From  evidence  obtained  at  the  investigation  of  this  accident  it  was 
learned  that  at  quitting  time  of  the  above  date  there  were  thirty- 
five  or  forty  shots  ready  to  fire,  containing  in  all  at  least  two  hun- 
dred and  fifty,  possibly  more,  pounds  of  powder.  The  shot  firers 
commenced  firing  these  shots  at  3  o'clock  p.  m.,  and  in.  about 
thirty  minutes  had  completed  their  work.  The  last  shot  fired, 
however,  seamed,  making  an  unusually  large  amount  of  flame, 
and  the  smoke  from  so  great  a  number  of  shots  previously  fired  in 
so  short  a  time  being  very  dense  and  hot,  is^iited  from  this  flame, 
causing  an  explosion  of  such  force  as  to  almost  wreck  the  interior 
of  the  mine,  also  tearing  out  a  part  of  the  guides  and  midwall  in 
the  hoisting  shaft.  The  shot  firers,  although  nearly  overcome  with 
powder  smoke  and  after-damp,  escaped  without  serious  injury. 
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On  November  1st  Matt  Pugh,  shot  firer,  age  34  yc 
fatally  burned  from  the  flame  of  a  blown-out  shot  in  the 
Mine.    Pugh  and  one  other  person  were  employed  to  fire 
in  this  mine  after  the  miners  and  other  workmen  had  c( 
their  (Jay's  work  and  quit  the  mine.     It  was  ^  custom  t 
of  the  shooters  would  take  opposite  sides  of  the  shaft,  be^ 
on  the  return  of  the  air,  and  continue  lighting  shots  ui  I 
had  made  a  complete  circuit  of  that  part  of  the  mine,  or 
of  the  shots  had  been  fired.     At  about  5  o'clock  on  the  ev 
the  accident  Pugh  had  fired  a  nundwr  of  shots  on  one  of  t 
entries,  wheji  he  came  to  a  room  where  a  sliot  had  been  ] 
which  measured  seven  feet  nine  inches,  right  angles  from 
hole.     It  was  also  drilled  three  feet  and  five  inches  past  : 
ting  or  loose  end,  and  was  charged  with  four  quarts  of  | 
This  shot,  when  exploded,  caustVl  a  windy  or  blown-out  s 
flame  of  which  traveleil  a  distance  of  one  hundred  and  si?i  t 
feet  down  the  opposite  cross-entry,  where  deceased  had  j  i 
safety,  burning  him  ext^rnally  and  internally,  inflicting  i 
of  which  he  died  threo  days  later  in  the  St.  Anthony  ] 
at  Terre  Haute,     lie  leaves  as  de{>endent8  a  wife  and  f( 
dren.     As  shown  bv  the  above,  this  accident  was  due  to  ;i 
charged  and  misplaced  shot  and  a  gross  violation  of  the  stj 
lating  to  the  use  of  powder  and  shot  firing  in  mines  by  two 
viz.,  Ante  Lathi,  the  person  who  prepared  the  shot,  and  c  • 
himself,  who  had  strict  orders  from  the  mine  manager  no : 
any  shots  that  did  not  conform  to  statute.    Prosecution  v 
against  Lathi,  but  he  had  left  the  city  immediately  after  tl 
dent  and  we  were  imable  to  secure  serv^ice  on  him. 

December  30th  Robert  ]\rcCain,  driver,  aged  24  years,  i 
gle,  was  crushed  to  death  by  a  trip  of  loaded  mine  cars  in  \ 
low  Grove  Mine.  Deceased  was  employed  at  the  mine 
rider,  his  duties  being  to  ride  the  trip  of  empty  cars  in  i 
loaded  one  out  of  the  mine.  When  riding  the  loaded  trip 
ally  rode  on  the  front  end  of  the  fii*st  car  in  the  trip,  sei 
what  is  termed  a  shoe,  wdiich  consisted  of  a  piece  of  stra 
one-fourth  inch  thick  and  four  inches  wide,  turned  at  right 
so  as  to  form  two  arms  eight  and  twenty  inches  long,  respe 
On  the  end  of  the  long  arm  a  loop  or  hook  w-as  turned  so 
could  be  hooked  over  the  end  of  the  car.     At  about  10 :40 
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a.  m.  he  was  coming  out  to  the  shaft  with  a  trip  of  some  eight  or 
ten  cars,  and  when  within  about  one  hundred  feet  of  the  shaft 
he  in  some  way  fell  under  the  cars  and  was  dragged  through 
under  the  second  one,  breaking  almost  every  bone  in  his  body, 
killing  him  instantly.  There  was  no  one  saw  him  fall,  but  it  is 
presumed  that  he  caught  his  foot  against  an  iron  roller  placed  in 
the  center  of  the  track  for  the  purpose  of  carrying  the  rope, 
and  was  jerked  off  his  seat  to  the  roadway  in  front  of  the  car. 

VIGO  COUNTY. 

On  March  4:th,  at  about  noon,  Robert  Cole,  top  laborer,  age  25 
years,  single,  was  crushed  to  death  by  a  railroad  car  in  the  yards 
of  the  Diamond  Mina  At  the  time  of  the  accident  deceased  was 
bringing  an  empty  car  down  to  the  tipple,  and  when  nearing  the 
point  where  he  wished  to  stop  it  he  applied  the  brake.  At  that 
moment  the  chain  connecting  the  brake  rod  and  beam  gave  way, 
thus  causing  him  to  lose  his  footing  and  fall  to  the  track  directly 
in  front  of  the  car,  where  he  was  caught  by  the  brake  beam  and 
crushed  to  death  instantly. 

On  March  15th  Oscar  King,  miner,  age  20  years,  was  fatally 
burned  as  a  result  of  an  explosion  of  blasting  powder  in  the  Grant 
No.  2  Mine.  From  evidence  obtained  at  the  investigation  of  this 
accident  it  was  learned  that  at  about  10  o'clock  a.  m.  of  the  above 
date  deceased  had  gone  to  his  powder  box  for  some  needed  article, 
and  that  he  had  in  the  box  a  powder  keg  containing  about  eight 
pounds  of  powder.  The  box  was  also  a  receptacle  for  his  squib 
box,  mine  checks,  paper  and  other  articles  that  make  up  a  miner's 
equipment.  A  large  hole  had  been  made  with  a  pick  in  the  top 
of  the  powder  keg,  for  the  purpose  of  pouring  the  powder  out  of 
it.  This  hole  had  been  left  uncovered,  and  when  deceased  raised 
the  lid  of  the  powder  box  a  spark  from  his  lamp  fell  into  the  keg, 
exploding  the  powder  and  burning  him  so  badly  that  he  died 
-eight  days  later.    He  leaves  as  dependent  a  wife. 

On  September  17th  a  second  fatal  accident  occurred  in  this 
mine,  when  Charles  Powell,  miner,  age  21  years,  was  fatally  in- 
jured by  a  delayed  shot.  At  firing  time  (3 :30  p.  m.),  this  date, 
decedent  had  three  shots  charged  ready  to  fire,  all  of  which  were 
tamped  on  fuse.  When  it  came  his  turn  to  fire  he  lighted  two  of 
the  shots  and  retreated  to  a  place  of  safety  on  the  entry,  where 
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he  waited  until  he  heard  what  he  thought  was  two  ah 
After  results,  however,  proved  that  but  one  shot  ha 
and  that  it  made  two  reports,  the  concussion  from  the 
being  almost  equal  to  the  first  one.  When  he  hea 
reports  decedent  rushed  back  and  lighted  Tiis  remainii 
was  leaving  the  room,  but  when  about  twenty-two  fe 
face  of  the  room  the  unexploded  shot  that  he  had  previo 
exploded,  pieces  of  flying  coal  from  it  striking  and  inji 
that  he  died  four  hours  later,  one  more  victim  as  a  r* 
practices  which  we  have  from  time  to  time  severely 
viz.,  the  use  of  fuse  in  shot  firing  and  of  trying  to  fii 
of  shots  at  one  time.    Deceased  leaves  a  dependent  w 

On  October  18  th  Peter  Felor,  miner,  age  18  years, 
was  fatally  injured  by  being  crushed  between  a  load( 
and  the  entry  rib  in  the  Diamond  Mine.  From  evidei 
at  the  investigation  of  this  accident  it  was  learned  tl: 
was  very  anxious  to  secure  a  position  as  mule  driver  i 
and  in  order  that  he  might  learn  the  work  he  spent  i 
of  his  time,  when  not  otherwise  engaged,  in  assisting 
who  hauled  coal  from  him.  At  about  1 :30  o'clock  f 
above  date  he  had  assisted  in  gathering  a  trip  of  load) 
after  having  coupled  them  together  he  started  the 
attempted  to  step  up  on  the  drawbar,  where  the  dri 
rides,  but  missed  his  footing.  In  order  to  save  himself 
run  down  by  the  cars,  which  were  then  in  motion,  he 
one  side  of  the  roadway,  intending  to  let  them  pass 
space,  however,  between  the  roadway  and  the  rib  wf 
to  permit  the  (jars  to  pass  him,  there  being  only  about 
of  room.  This  fact,  owing  to  his  excitement,  was  not 
deceased,  and  he  was  caught  by  the  car  and  dragge 
entry  rib  for  several  feet  before  the  trip  could  bo  st 
was  crushed  through  the  abejomen  and  injured  otherv 
he  died  about  midnight  of  the  same  date. 

On  November  29th  John  Dreganous,  miner,  age  42 
fatally  crushed  by  falling  slate  in  the  Klondyke  Mine 
10 :30  o'clock  a.  m.  he  was  engaged  in  mining  off  son 
in  the  upper  bench  of  his  room,  working  under  a  pi 
draw  slate  five  inches  thick,  when  a  piece  of  slate,  elev 
and  five  feet  wide,  suddenly  gave  way,  falling  and  a 
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on  the  edge  of  the  lower  bench  of  coal,  crushing  him  through  the 
chest  and  inflicting  injuries  of  which  lie  died  a  short  time  after 
being  brought  out  of  the  mine.  There  was  no  one  present  at  the 
time  of  the  accident.  An  examination  of  his  working  place,  how- 
ever, proved  that  he  knew  that  the  slate  was  loose,  as  there  was 
evidence  of  his  having  tried  to  pull  it  down ;  also,  that  he  resumed 
work  under  it  without  first  having  secured  it  with  props,  notwith- 
standing the  fact  that  there  wore  a  number  of  ]>rops  of  different 
lengths  on  hand. 

A  summary  of  the  names  of  |)ersons  killed,  occupation,  date  and 
cause  of  each  death,  the  name  of  mine  and  count v  in  which  the 
fatalities  occurred,  and  the  number  of  persons  dependent  on  those 
killed  is  given  in  the  following  table : 
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ACCIDENTS  TO  MINE  PROPERTY. 

Considering  the  increased  number  of  new  mines  in  operation 
during  the  past  year,  the  financial  loss  from  accidents  to  mine 
property  for  that  period  were  comparably  small.  The  most  se- 
rious accident  occurring,  and  one  that  entailed  the  greatest  finan- 
cial loss,  was  the  destruction  of  the  entire  siirface  plant  of  the 
Coal  Bluff  Mining  Company's  Glen  No.  2  Mine,  in  the  early  part 
of  November,  by  fire.  The  loss  of  buildings,  ropes,  cages,  screens, 
scales  and  repairs  on  machinery,  boilers,  etc.,  from  the  accident 
will  probably  amount  to  $10,000. 

On  Saturday  night,  October  29th,  a  fire,  originating  from  a 
blast,  occurred  at  the  face  of  one  of  the  cross-entries  in  the  Atlas 
No.  1  Mine,  in  Greene  Countv.  The  fire  was  not  discovered  until 
the  following  Monday  morning,  and  it  had  gained  such  headway, 
owing  to  the  dense  volume  of  smoke  and  gases  given  off,  that  the 
mine  could  not  be  operated.  Two  days  were  lost,  during  which 
time  air-tight  brattices  were  built  across  the  entry  and  in  the 
breakthroughs  for  the  purpose  of  smothering  the  fire,  after 
which  operations  were  resumed.  The  loss  from  this  accident, 
other  than  the  time  lost  by  the  mine  being  idle,  would  not  exceed 
$150. 

A  gob  fire,  originating  from  spontaneous  combustion,  occurred 
in  the  Midland  Mine  about  December  5tli.  Prompt  action  on  the 
part  of  the  mine  management  in  effectively  sealing  off  the  affected 
galleries  with  air-tight  brattices,  built  of  brick  and  mortar,  pre- 
vented it  from  assuming  serious  proportions,  and  on  my  visit  to 
the  mine,  December  12th,  the  fire  was  under  complete  control. 
The  cost  of  material,  labor,  etc.,  in  constructing  the  brattices  will 
amount  to  about  $1,000.  In  addition  to  this  a  considerable  por- 
tion of  the  mine  will  be  abandoned  for  the  present. 

A  fire  originating  from  a  gas  blower  being  lighted  by  a  blast 
occurred  at  the  face  of  one  of  the  working  places  in  the  Citizens' 
Mine,  in  Sullivan  County.  Fortunately,  the  mine  was  located 
near  the  watenvorks  in  the  town  of  Sullivan,  and  through  the  aid 
of  the  fire  department  from  that  town  the  fire  was  extinguished 
after  about  twelve  hours'  labor.  The  loss  from  this  accident  will 
not  exceed  $100. 
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On  December  13th,  about  6:15  p.  m.,  one  of  the  boilers  in  the 
Park  No.  10  Mine  plant  exploded  with  great  violence.  So  great 
was  the  force  of  the  explosion  that  several  other  boilers  located 
near  the  one  that  exploded  were  thrown  out  of  position,  and  all  of 
the  smokestacks  except  one  were  knocked  down  and  the  boiler 
room  completely  wrecked.  Fortunately  there  was  no  one  seriously 
inujred,  although  several  workmen  were  in  the  near  vicinity  ^when 
the  boiler  gave  way. 

The  excessive  heavy  rainfall  during  the  latter  part  of  the  winter 
and  early  spring  flooded  a  number  of  mines  in  different  parts  of  the 
State.  Considering  the  time  the  mines  were  idle  while  the  water 
was  being  pumped  out,  the  repairs,  etc.,  necessary  to  put  them  in 
shape  for  operation,  the  damage  suffered  from  this  was  probably 
greater  than  from  any  other  cause  during  the  year.  Among 
those  whose  loss  was  the  greatest  are  the  following : 

The  Buckeye  Mine,  in  Greene  County,  was  flooded  March  11th, 
and  remained  idle  until  June  1st. 

The  Island  No.  1  and  Island  Valley  No.  3  were  both  flooded  on 
the  same  date,  and  were  idle  two  weeks. 

The  Blackburn  Mine>  in  Pike  County,  was  also  flooded  about 
the  same  date,  and  has  not  been  operated  since  that  time. 

The  Bruillette's  Creek  No.  3,  in  Vermillion  County,  was  flooded 
about  March  20th,  and  was  idle  about  one  month. 

The  Chicago  No.  6  Mine,  in  Vigo  County,  was  flooded  in  Feb- 
ruary, and  did  not  resume  operations  until  August. 

The  Klondike  Mine,  in  Vigo  County,  was  flooded  in  March,  and 
did  not  resume  operations  until  July. 
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Names  and  addresses  of  persons  operating  mines  in  each 
county,  also  the  names  of  the  mines : 


CLAY  COUNTY. 


Hame. 

Addtou. 

Hino. 

Brai  1  Block  Coal  Company 

Iru  1  Block  Coal  Company 

rai  1  Bloek  Coal  rompany 

rai  1  Block  Coal  Company !!!! !' 

I 

u 

ii 

Brai 

Sj£*S:£::^;;; 

1^ 

B«" 

i 
i 

Siisaai.X"" 

Amorican  Clay  Mfi.  Company. . 
U»l>  Coal  *MininB  Company.. 

irnX'^lr^o^'i'^""""" 

DA  vises  COUNTY. 


Bluoky  A  Oiborn 

DaTieag  County  Coal  Co 
Mutual  MininaCompan 
Winklaplook  jOverlon 
Mandabach  Broa 


MoalEomary, . 
CaonTlburg  ... 

Raileayille.,... 
Waahiniton.... 


FOUNTAIN  COUNTY. 


aiBfiON  COUNTY. 


MMiey  Coal  Compa 


ttEPOBT   OV   STATE   OEOtOOIBT, 


anBEMK  COCSTT. 


II.C... 

Addnu. 

Mloa. 

at'.::: 

.miCo- 

I;!:sa?:i!:jifs:l-. 

tIK;::::::::::;::;:::. 

oirntJi. 

Bloominfton. '..."*'..■.■;!:. 
JWODVIII..    

Tower  Hill. 
Hr..nV»lloT. 

fry- 

KNOX  COUNTY. 


Bioknall  CosI  Companr 

Knox  Ooal  CompBo; 

Ltrd  Coal  Company 

eanrU»rUIiiiD«Ca 

Boterprin  Toal  Companj 

Waah I DKton- Wheat) and  Coal  Co. 
ChfoaioABic  Hnddr  Coal  Co.. 


Bickuell Bicknsll. 

Blchnell Knox. 

Biokneh Lyn  >. 

Bleknell i  Proipeel  H 

Vfnoonne. I  Enlcrpri« 

WwhlDilOD WhoatUnd 

BlekpelT Pine  Kaol. 


PARKB  COBKTY. 


Ro«k.-ll 

gaS".l- 

!!;::S:l!S::2: 

PKRRT  COUNTY. 


PIKE  COUNTY. 


».«. 

AddieH. 

UIbb. 

Carbon  

Ah    i. 

InfleCoBlOompanr 

t^l"^-'- 

iS"^-^^-' 

l:S:!:lffi:£l!!::5:;:::::;: 

BlKkbarn. 

S&... 

SULLIVAN  COUNTY. 


Oaladonia. 

gjs:t:s;:i; 

HymaniMo.*. 

MininsCo.. 

chk««o.    :::::::.:::::' 

Chicafo,       

Kiiiii 

m.  :;;::;;;:;;;■ 

KrNo.i. 

iiiln»Co.,, 

is.*";:;;::;;:::::: 

chi«w.|iii:::: 

UBlanehB. 

Tarr^iol. 

A  M  C 

Terra  Haats 

'oalCo 

LlDtOD 

VANDERBURGH  COUNTY. 


. 

C.ThonaaCoalCoiiipanT 

iBBlaCnBlCompany 

lrril-.'c'S'i°Mac.:: 

«•»"«![• 

fi'.«r"- 

"S"iir.:::::::;::::: 

RDDDi-'ida. 
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Brnllattaa  Craak  Coal  Co 

IndlsDii  Fual  Compknr 

iDdlBSkFuelCamuajr 

Carnn  PraM  Briok  Campanr-. . 

HcClatUn&SoD* 

OlintonCMl  Companj 

CIJDtoD  CoalCompanr 

Oak  HitI  Coal  k  UiBlDi  Co 

KeltarCoal  Company 

WilloH  QroT*  Coal  cfampaDJ  ... 

J.K  DeartniACo 

Mapla  VallFTCaal  CompaDT... 
Hapla  Valler  Coal  Campaoj  ... 


BrallatteiCr*«kNa.S. 


Crown  Hill  No.  1. 

Crown  Hill  No.  l  " 
.    Oak  Hill. 

Prince. 
.    Willow  Orole. 

Rbodag. 
,   UtplaVallarNo.l. 
.    H>plaVallerN(..2. 


VIGO  COUNTY. 


,. 

?;;;;«■.?■'...:::.:.:::::■ 

b!?."w„i.. 

sSlS:::;;;:;: 

iSSv 

irJaT"" 

Terra  Hnuta 

?s.fir: 

RunrCrMk. 

Saalayvilla 

WARKICK  COUNTY. 


handler 

J.WaollarCDalCompaDr 

Ohio  Rirar  Coal  Com  panr.- 

Names  and  addresscB  of  mine  bosses  and    names  of  i 
which  they  are  managing. 

CLAY  COUNTY. 


H.... 

Addreia. 

M&m*  of  Hlna. 

BrMil 

DAVIESS  COUNTY. 


MontcomerrNa.3. 

FOUNTAIK  COUNTY. 


OmSON  COUNTY, 
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GRBENE  COUNTY. 


Name. 


Address. 


Name  of  Mikie. 


ReuboD  Small 

Richard  Potter 

WiDB  Risher 

Henry  Osha 

Gharlofl  Vaaghn  . . . 
James  Scully.  ... 
James  Meredith... 

Joseph  Ferry 

George  Epperson.. 

Joseph  FeDnel 

John  Kandall 

William  Davidson . 

James  Gibson 

William  MoQaade. 
Joseph  Dnnkerly. . 

W.Badders 

John  Kelley 

James  Stevenson . . 

JoBq  M'cQuade 

William  Jamei.... 

Thomas  Hyatt 

IraDalrymple 

James  Pascoe 

William  Crouch  . . . 

Dan  Davis 

James  Templeton  . 
William  Stevenson 
Frank  Lockhart... 


Linton 

Linton 

Linton 

Linton  — 

Linton 

Gilmour... 

Linton 

Linton 

Linton  ■ . . . 

Linton  

Linton 

Midland.. 

Linton 

Linton 

Linton .... 
Linton .... 
Linton .... 

LintoBv-' 
Midland.., 

Jaionville 
Jaaonville 
Linton  .... 
Linton .... 
Jasonville 
Jason  ville 

Linton 

Linton 

Linton 


Black  Creek. 

Island  No.  L 

Island  No.  2. 

Island  No.  3. 

Island  No.  4. 

Gilmour. 

Hoosier  No.  1. 

Hoosier  No.  2. 

Island  Valley  No.  2. 

Island  Valley  Np.S. 

South  Linton. 

Midland^ 

Vulcan. 

Summit  No.  2. 

Templeton. 

Victoria. 

Glenbnm. 

Antioch. 

Tower  Hill. 

Green  Valley. 

Lattai  Creek. 

Atlas  No.  1. 

Atlas  No.  2. 

Fry. 

Letsinger. 

Twin. 

North  Linton. 

Pennsylvania. 


KNOX  COUNTY. 


R.  M.  Freeman.... 

William  Lynn 

E.G.  Hooper 

Samuel  Price 

Harvey  Coonrod.. 
Thomas  Harris..  . 
William  J.  Brown 


Bicknell 

Bicknell 

Bicknell  ... 
Vineennes.. 
Bicknell... 
Washington 
Bicknell.... 


Bicknell. 

Knox. 

Lynn. 

Prospect  Hill. 

Enterprise. 

Wheatland. 

Pine  Knot. 


PARKE  COUNTY. 


W.  P.  Harrison 

Charles  Doidge <^ 

George  Doidge 

James  Lamb 

Harry  Milburn 

John  Chesterfield 

Thomas  Maxwell 

Daniel  Isaac 

James  Cuthbertson 

Robert  Monkhouse 

Matt  Raffle  

John  T.  Sommers 

James  Coakley 

Thomas  Karrick 

D.N.Wniiams 

■George  Lindsay 


Rook  ville.. 
Diamond... 
Coxville.. .. 
Montezuma 

Lyford 

Brasil  

Brazil 

Brazil 

Brasil 

Jefsup 

Jessup 

Carbon .... 
Diamond... 
Coxville  ... 
Rosed  ale... 
Mecca 


Harrison. 

Brasil  Block  No.  12. 

Cox  No.  3. 

Lucia. 

Lyford  No.  1. 

Mary. 

Superior  No.  1. 

Superior  No.  i. 

Superior  No.  3. 

Minshall  No.  1. 

MinshallNo.2. 

Pan-Ameri«*an. 

Brazil  Block  No.  9. 

Raccoon. 

Parke  No.  11. 

Meoea  No.  4. 


PERRY  COUNTY. 


William  Bergenroth. 


Troy. 
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tsU 


PIKE  COUNTY. 


-  Name. 

Address. 

Name  of  Mine. 

John  Jones 

Ayrshire 

Aberdeen. 

Bart  Stinson 

Ayrshire 

Ayrshire  No.  3". 

W.L.  Smitli 

Ayrshire < 

Ayrshire  No.  4. 
Blackburn. 

John  Willie 

Petersbnrff 

John  Willie 

Petersburg 

Littler 

Rogers. 

Herman  Rose 

Littles. 

Bart  Stiason 

Ayrshire 

Ayrshire  No.  5. 

Oeorce  Brinrs 

Cabel 

Sophia 

Hartwell. 

John  0.  Jonnson 

Carbon. 

John  Jenkins 

Winslow 

Winslow  No.  1. 

John  Jenkins 

Winslow 

Winslow  No.  5. 

SULLIVAN  COUNTY. 


J.V.  Gustin 

Murry  Bledsoe 

W.F.Asbell 

Harry  Eyans 

Asa  Roberts 

John  Griffith 

J.  H.  Needhammer. 

George  Sarcent 

Alexander  Faulds . . 
William  Dempsy.... 

I.  H.Woolley 

William  Green 

0.  H.  Hendriokson.. 
Thomas  Lehman  .... 

Walter  Phillips 

Joseph  Peters 

Edward  Newport  .. 

David  Love 

James  Taylor 

William  Jackson.... 

R.Sharp 

John  D.Price 

James  Nolan 

Ed.Shirkie 

John  McCloud 

John  Jordan , 

William  Vanhorn  . . 

John  Qnigley 

Jacob  Eok , 

A.  Moreland 

Theodore  Thompson 

A.  L.Boyer 

A.D.Soott 

Jamet  Stewart 

Martin  Navin 


Famsworth 

Caladonia 

Dugfrer 

Sullivan 

Hymera 

Dugger 

JacKson  Hill 

Alum  Cave 

Alum  Cave 

Shelburn 

DelCarbo 

Hymera 

Dugger 

Dugger 

Sullivan 

Hymera 

Shelburn 

Dugger 

Shelburn 

Linton 

Cummins 

Farmersburg 

Sullivan 

Farmersburg 

Sullivan 

Sullivan 

Farmersburg 

Linton  

Farmersburg 

Jackson  Hill 

Hymera 

Shelburn 

Sullivan ^ 

Shelburn 

Sullivan 


Bunker  Hill. 

Caladonia. 

Dugger. 

Green  Hill. 

Hymera  No.  4.- 

New  Linton. 

Jaoksop  Hill  No.  2. 

Phoenix  No.  1. 

Phoenix  No.S. 

Shelburn. 

Star  City. 

White  Ash, 

Freeman. 

Snn  Flower. 

Gtendora. 

Hymera  No.  2. 

Wilfred  No.l. 

Island  No.  4. 

Mammoth  Vein. 

Little  Giant. 

Cummins. 

La  Blanche. 

Citisenfl. 

Bruilettes  Creek  No.  6. 

Mildred. 

Virginia. 

Superior. 

Shirley  Hill. 

St.  Clair. 

Jackson  Hill  No.  4. 

Hymera  No.  3. 

Kettle  Creek. 

Reliance. 

Phoenix  No.  4. 

Union. 


VANDERBURG  COUNTY. 


Adolph  Becker.. 
Frank  Gunther. 
James  Johnson. 
James  Anderson 
Pius  Schulthius. 
C.  H.  Baetz 


Evansville 
Evansville 
Evansville 
Evansville 
Evansville 
Evansville 


Diamond. 

First  Avenue. 

Ingleside. 

Sunnyside. 

Union. 

Unity. 
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VERMILLION  COUNTY. 


Name. 

Address. 

Name  of  Mine. 

Thomas  McQuade 

Clinton 

Bruilettes  Creek  No.  3. 

Richard  Moore 

Clinton 

Bruilettes  Creek  No.  5. 

Thomas  Rose 

Clinton 

Buckeye. 

R  M.Irwin 

Cayugarr 

Eureka. 

Claud  Peck 

Clinton 

Crown  Hill  No.  1. 

D.  W.  James 

Clinton 

Clinton 

Crown  Hill  No.  2. 

William  Uatchinsoo 

Oak  Hill. 

Frank  Chrisiy 

Clinton 

Prince. 

Nick  Walker 

Clinton 

Willow  Grove. 

William  Wilson 

Clinton 

Rhodes. 

A.  P.  Gilmonre 

Clintonr 

Riverside. 

J.  W.  Walker 

Clinton 

Maple  VrflleyNe.L 
Maple  Valley  No.  2. 

J.  W.Walker 

Clinton 

VIGO  COUNTY. 


James  Sidell 

Art  Thompsim..., 
James  Markham. 
James  McGow.... 

Charles  Long, 

John  Cain 

Wesley  Alvis 

W.F.  Decker 

H.B.Wilson 

B.  B.  Bamett 

James  Boskill 

James  Barker 

Thomas  Bingham. 
James  Hawkins... 

J.D.  Lewis 

John  Scott 

Eli  Kller 

William  L.  Erwin 

W.  J.  Urwin 

Richard  Morgan  . 

Josiah  Pedlar 

Henry  Payne 

George  Doney 

George  West 

James  Bart 

John  Gilmour 


Atherton 

Terre  Haute 

Coal  Bluff 

Burnett 

Coal  Bluff 

Burnett 

Seeleyville 

Burnett 

Burnett 

Seeleyville 

Ehrmindale 

Brazil 

Rosedale 

West  Terre  Haute 

Seeleytille 

Seeleyville 

West  Terre  Haute 
West  Terre  Haute 

Brazil 

West  Terre  Haute 
West  Terre  Haute 
Seeleyville.  ..  . 
West  Terre  Haute 

Seeleyville 

Cloverland 

Terre  Haute 


Atherton. 
Brick  Works. 
Chicago  No.  6. 
Diamond. 
Peerless. 
Lawton. 
Seeleyville. 
Grant  No.  2. 
Glen  Oak. 
Hector. 
Klondike. 
Miami  No.l. 
Parke  No.  10. 
Redbird. 
Rosebud  No.  2. 
Royal. 
Larimer. 
Broad  hurst. 
Miami  No.  2. 
Deep  Vein. 
Greenfield  No.  1. 
Lo8t  Creek. 
Sugar  Creek. 
Ray  No.  2. 
Miami  No.  3. 
Forrest  Park. 


WARRICK  COUNTr. 


T.B.Hall 

John  E.  Kolley.. 
P  F.  Hargrove.. 
John  McCain.... 

M.  Wilson 

Edwin  Archbald 
William  Mason. 
H.  P.  Kasemeir. 


Chandler. . 
Boonville . 
Boonville  . 
Chandler.. 
De  Forrest. 
Newburg. . 
Boonville  . 
Newburg.. 


Air  Lino. 
Big  Four. 
Big  Vein  No.  3. 
Chandler. 
De  Forrest. 
Star  No.  1. 
Electric. 
Burke. 


ANNUAL  REPORT  OF  THE  STATE  NATURAL  GAS 

SUPERVISOR* 


Office  of  Statk  Naturat.  Gas  Supervisor, 

Marion,  Ind.,  February  15,  1905. 

Prof.  W.  S.  Blatchley,  State  Geologist: 

Dear  Sir:  I  have  the  honor  to  submit  to  you  herewith  my 
second  annual  report  as  State  Natural  Gas  Supervisor,  covering 
the  calendar  year  of  1904,  and  being  the  thirteenth  annual  report 
from  this  department.  The  gas  field  has  undergone  a  series  of 
changes  in  the  past  year,  and  new  conditions  are  confronting  the 
producers.  It  has  been  impossible  for  me  to  collect  and  compile 
a  report  containing  all  the  data  regarding  the  field  as  it  exists  at 
the  present  time.  In  view  of  this,  I  have  dwelt  upon  those  condi- 
tions which  will  be  of  most  importance  to  those  in  the  preserva- 
tion of  the  natural  gas  industry. 

I  trust  the  report  will  receive  your  approval  and  be  found  wor- 
thy of  consideration  by  the  public. 

BRYCE  A.  KINNEY, 
State  Natural  Gas  Supervisor. 
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ANNUAL  REPORT  OF  THE  STATE  NATURAL  GAS 

SUPERVISOR. 


All  persons  interested  in  the  production  of  natural  gas 
throughout  the  State  of  Indiana  are  more  or  less  familiar  with 
the  laws  governing  the  production  and  consumption  of  this  natu- 
ral product,  as  well  as  the  law  enacted  by  the  State  Legislature 
creating  the  office  of  State  Natural  Gas  Supervisor  and  defining 
his  duties. 

Laws  are  made  to  conform  to  and  govern  existing  conditions. 
As  conditions  change  thej  necessitate  the  extension,  modification 
or  conformation  of  the  laws  applicable.  Likewise  the  change  of 
conditions  has  caused  the  attention  of  this  office  to  be  directed  in 
somewhat  different  channels  than  formerly.  Former  reports 
from  this  office  have  undoubtedly  given  in  a  general  way  the  exact 
conditions  of  the  field.  Owing  to  the  radical  change  in  conditions, 
such  reports  will  be  cited  only  by  way  of  comparison.  It  shaU  be 
my  purpose  in  this  report  to  give  more  of  the  data  regarding  the 
condition  of  the  field ;  also,  the  dangers  which  threaten  to  lessen, 
if  not  make  it  impossible,  to  produce  this.great  natural  resource. 

The  law  provides  that  it  shall  be  the  duty  of  the  State  Natural 
Gas  Supervisor  to  make  a  personal  inspection  of  all  gas  wells  of 
the  State  as  far  as  practicable;  to  see  that  every  precaution  is 
taken  to  insure  the  health  and  safety  of  the  workmen  engaged 
in  opening  gas  wells,  laying  mains  and  pipes,  and  also  the  safety 
of  those  who  in  any  manner  use  natural  gas  for  mechanical,  manu- 
facturing, domestic  or  other  purposes.  Today  only  skilled  work- 
men are  employed  by  contractors,  gas  companies  and  manufac- 
turers; hence  these  duties  require  little  attention  from  this  office. 

This  office  is  also  required  to  incorporate  in  this  annual  report 
to  the  State  Geologist  complete  and  tabulated  statistics  of  the 
number  of  gas  wells,  with  their  location  and  record  of  geological 
strata  passed  through  in  drilling  them,  the  volume  of  gas  pro- 
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diiced,  the  rock  pressure,  the  increase  or  decrease  in  rock  pressure 
and  volume  flow,  the  number  of  miles,  capacity  and  cost  of  mains 
laid ;  the  cost  of  gas  as  fuel ;  the  number  of  persons  employed  in 
the  production  of  gas.  Much  of  this  information  is  published  by 
the  Bureau  of  Statistics ;  besides,  some  of  it  is  not  relevant  to  the 
demands  of  today.  I  inspect  a  sufficient  number  of  wells  to  gain 
correct  ideas  as  to  the  condition  of  the  gas  supply.  The  inspection 
of  pipe  lines  once  each  year,  or  asi  often  as  the  State  Geologist 
may  require,  is  only  partially  necessary,  since  all  of  the  larger 
gas  companies  employ  men  to  inspect  their  lines  regularly.  In 
general  the  public  realize  the  limitation  of  our  gas  supply,  and 
less  of  the  supervisor's  time  is  demanded  in  the  enforcement  of 
this  branch  of  the  law,  although  there  are  some  who  have  no  con- 
ception of  the  value  or  supply  of  gas,  and  seem  to  think  it  inex- 
haustible. The  general  public  must  come  to  the  realization  of  the 
fact  that  the  natural  gas  must  be  husbanded,  or  the  supply  will 
soon  be  exhausted.  As  a  means  towards  this  saving,  the  introduc- 
tion of  the  meter  system  has  been  a  great  factor.  The  most  im- 
portant duties  required  of  this  office  at  present  are  to  see  that 
laws  of  the  State  pertaining  to  the  drilling  and  plugging  of  wells 
and  the  consumption  of  gas  are  enforced.  As  the  field  develops 
and  the  territory  extends  the  duties  of  this  office  become  greater 
in  proportion  with  this  development.  Wells  that  five  years  ago 
were  considered  worthless  and  plugged  are  now  considered  good, 
and  every  precaution  is  taken  to  preserve  and  prolong  their  life. 
Much  trouble  is  caused  by  the  rusting  and  <lecay  of  mains  and 
the  iron  in  these  old  wells.  This  office  has  i>iven  constant  atten- 
tion to  wastes  of  this  nature.  Five  years  ago  four  good  wells 
would  supply  a  city  of  twelve  thousand  with  fuel ;  today  it  requires 
fifty  wells,  and  then  the  supply  is  limited,  although  the  consumers 
are  more  careful  than  formerly. 

Oil  and  gas  interests  are  in  a  way  opposed  to  each  other,  yet 
the  same  dangers  threaten  both,  as  will  be  shown  in  another  chap- 
ter of  this  report.  Certain  oil  operators  have  shown  a  disposition 
to  disregard  the  laws  provided  for  the  production  of  the  gas 
product,  and  the  number  of  prosecutions  against  oil  operators  for 
waste  of  gas  have  been  greater  than  last  year.  Other  operators 
conform  strictly  to  the  law,  and  realize  that  they  have  barely 
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enough,  gas  to'  provide  fuel  for  the  leases,  and  although  a  heavy 
gas  pressure  interferes  with  the  production  of  oil,  there  is  no 
necessity  of  wasting  the  gas  to  enhance  the  oil  production,  for  the 
reason  that  the  gas  can  be  turned  into  the  mains  of  the  gas  com- 
panies, who  are  always  ready  to  purchase  it  at  a  fair  price.  It  is 
now  the  opinion  of  experienced  oil  and  gas  men  that  if  the  supply 
is  as  carefully  husbanded  in  the  future  as  during  the  last  year 
that  we  will  have  gas  for  several  years  to  come. 

One  year  ago  gas  waste  threatened  to  exhaust  the  gas  supply. 
Today  it  is  the  introduction  of  fresh  water  into  the  gas  rock  that 
menaces  both  the  oil  and  gas  industry.  If  the  existing  laws  pre- 
scribing the  manner  in  which  wells  shall  be  plugged  are  complied 
with,  it  is  a  sufficient  protection  against  this  evil  as  from  the  wells 
that  are  now  abandoned.  There  has  been  a  disposition  on  the 
part  of  some  to  disregard  this  law,  and  it  has  been  impossible  for 
the  Supervisor  or  his  deputies  to  be  present  at  all  times  when 
wells  were  plugged  for  the  reason  that  they  had  no  notice  of  the 
intention  of  the  operator  to  abandon  the  well.  In  the  main  prose- 
cutions for  a  failure  to  comply  with  the  provisions  of  this  law 
have  been  against  people  who  have  no  permanent  interest  in  the 
field.  Those  who  have  producing  properties  understand  the  ne- 
cessity of  properly  plugging  abandoned  wells,  and  exercise  great 
care  in  this  regard  for  the  preservation  of  their  own  property. 
The  attention  of  this  office  has  been  earnestly  directed  to  this  por- 
tion of  its  duties.  I  have  endeavored  to  do  that  which  would  be 
of  most  importance  to  oil  and  gas  interests  under  present  condi- 
tions. 

CONDITION  OF  THE  GAS  FIELD. 

9 

Today  the  condition  of  the  gas  field  is  so  varied  and  so  con- 
stantly changing  that  to  make  an  intelligent  report  is  very  diffi- 
cult. During  the  early  history  of  the  field  the  conditions  were 
almost  uniform,  and  examination  of  one  or  more  sections  gave  an 
idea  of  the  condition  of  the  entire  field.  To  gain  any  knowledge 
of  all  of  the  field  and  of  the  gas  supply  at  this  time  it  is  necessary 
to  visit  and  examine  each  section  of  the  field,  as  well  as  to  under- 
stand the  general  character  and  location  of  the  gas  rock.  In  this 
field  Trenton  limestone  is  referred  to  as  gas  rock,  while  in  truth 
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only  a  small  part  of  Trenton  limeetone  is  gas  rock.  Only  the 
porous  part  of  Trenton  limestone  is  gas  rock,  as  it  alone  has  the 
textual  formation  necessary  to  a  gas  reservoir.  It  is  found  within 
the  Trenton  formation,  cropping  out  on  either  surface.  It  is  usu- 
ally found  from  one  to  fifteen  feet  below  the  upper  surface  of 
the  Trenton  rock  and  is  from  one  to  fifty  feet  thick.  In  a  few 
instances  the  rein  has  been  found  deeper,  but  there  is  rarely  over 
fifty  feet  of  continuous  gas  rock.  Both  surfaces  of  the  rock  are 
very  irregular,  and  in  no  instance  has  the  surface  been  found 
level  for  any  considerable  distance.  A  relief  map  of  the  surf  ace, 
as  shown  in  Prof.  Blatchley's  report  of  1903,  would  show  many 
elevations  and  depressions. 

The  early  history  of  the  field  showed  similar  conditions  through- 
out the  entire  gas  area,  which  remained  the  same  until  the  ad- 
vancing salt*water  met  the  lower  portions  of  the  overlying  strata 
of  hard  limestone,  permeating  and  completely  occupying  the  low- 
est parts  of  the  gas  rock.  The  higher  parts  of  the  gas  rock  have 
been  completely  shut  off  from  each  other  as  the  gas  has  been  con- 
sumed and  as  the  salt  water  has  advanced.  Thus  instead  of  being 
one  immense  gas  reservoir,  as  there  was  for  years,  there  are  nu- 
merous independent  reservoirs,  each  completely  sealed  by  the  salt 
water.  The  life  of  the  gas  in  each  independent  reservoir  depends 
upon  the  height  and  breadth  of  the  elevation,  the  porosity  of  the 
rock  and  the  consumption  of  gas.  As  the  supply  of  gas  diminishes 
and  the  salt  water  advances,  the  reservoirs  from  which  we  now 
obtain  our  gas  will  be  divided  and  subdivided  into  smaller  reser- 
voirs, until  the  supply  is  exhausted.  If,  in  drilling,  one  of  these 
elevations  or  small  reservoirs  is  struck,  a  "gusher"  is  reported, 
and,  conversely,  if  a  depression  is  struck,  the  result  is  obvious. 

The  above  explains  the  reason  for  the  great  difference  in  the 
life,  rock  pressure  and  volume  of  gas  produced  by  wells  located 
in  the  same  field.  Often  wells  on  the  same  farm  show  a  great 
variation  in  the  rock  pressure  and  volume  of  flow.  One  may  pro- 
duce gas  in  commercially  valuable  quantities  for  six  months, 
while  another  may  fill  up  with  salt  water  within  a  week. 

Another  element  with  which  the  gas  field  has  to  contend  is  the 
oil  industry.  The  progress  of  this  industry  and  its  effect  upon  the 
gas  industry  will  be  treated  in  another  chapter  of  this  report. 
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As  stated  in  former  reports^  the  lasf  few  years  have  developed 
peculiarities  and  differences  f^om  previous  years  in  the  history  o| 
natural  gas.  For  the  first  f^w  years  after  the  discovery  of  ga^ 
there  was  little  systematic  drillijig.  W^Us  were  drilled  when  ai^4 
where  they  were  needed;  no  attention  was  paid  to  waste,  fpid 
^very  city  and  towoi  was  supplied  with  an  abnndancp  of  gas. 
Within  a  few  years  after  its  discovery  pipe  line  compa^iies  entere<| 
the  field  and  the  drilling  and  development  becan^e  systematic. 
The  different  parts  of  the  field  were  coi^nected.  Pipe  line  con^- 
panies,  gas  companies  and  manufacturers  soon  realized  that  they 
would  have  to  lease  territory  to  hold  as  a  reserve  for  future  devel- 
ppment,  and  alsp  to  plai^  their  field  of  operation.  Thp  larger  ga§ 
cpmpanies  ei^deavored  to  gaii^  control  of  the  ei^tire  field.  Thig 
failed  because. the  highways  could  i^ot  fc|e  pre-empted,  ai^d  whet: 
eyer  a  gas  company  could  gain  a  right  of  way  for  a  pfpe  line 
enough  well  sites  cpujd  be  acquired  without  much  trouble.  Fron^ 
the  beginning  pipe  lines  have  been  extended,  year  after  year^ 
toward  what  was  considered  the  center  of  the  field.  When  possj- 
ble,  wells  were  drilled  one-half  mile  apart,  although  the  distancp 
has  never  been  uniform;  sometimes  small  areas  contiguous  to 
pipe  lines  were  undeveloped.  After  this  nothing  remained  but 
for  the  companies  to  re-drill  their  territory.  With  only  a  few 
exceptions  the  drilling  done  during  thp  year  was  on  locations  be- 
tween old  wells,  nearly  all  of  whieh  had  been  drilled  ye^rs  ^p. 
The  per  cent,  of  failures  is  increasing  yearly,  and  when  gas  is 
found  the  flow  is  seldom  over  500,000  cubic  feet,  and  frequently 
below  this.  Today  wells  are  considered  good  that  a  few  years  ago, 
when  the  production  was  at  its  highest  point,  would  have  been 
considered  failures. 

Although  the  wells  obtained  today  are  small,  still,  they  are 
.  profitable.  Gas  today  sells  for  five  times  as  much  as  it  did  ten 
years  ago.  The  cost  of  a  well  is  rarely  more  than  the  cost  of 
drilling,  as  all  the  iron  is  generally  taken  from  abandoned  wells. 
Much  of  the  gas  territory  is  becoming  oil  territory,  and  the  wells 
are  not  a  loss,  although  gas  is  not  discovered. 
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ABANDONED  TERRITORY. 


Many  of  the  larger  gas  companies  have  abandoned  much  of 
their  territory,  pulled  their  wells  and  disposed  of  their  leases  to 
oil  companies,  as  much  of  the  abandoned  gas  territory  is  now  pro- 
ducing oil.  The  Lafayette  Gas  Company  has  done  no  drilling  in 
the  past  year.  They  have  pulled  twenty-five  or  more  wells,  and 
their  pressure  has  depreciated  in  the  last  year  from  an  average  of 
from  seven  to  twenty  poimds  to  f roni  three  to  zero  at  the  present 
time. 

The  Logansport  and  Wabash  Valley  Gas  Company  have  pulled 
about  forty  wells,  and  have  entirely  abandoned  the  Logansi)ort 
division  of  their  company,  having  taken  up  all  pipe  lines  and 
abandoned  all  the  wells. 

The  Indiana  Gas  Company  has  pulled  fifteen  wells,  has  made 
no  extension  and  has  done  no  drilling  in  the  past  year.  The  best 
pressure  that  they  have  is  from  three  to  three  and  one-half  pounds, 
with  the  exception  of  three  or  four  wells  being  located  in  what  is 
kno\vn  as  the  Sheridan  field,  which  is  in 'the  southern  edge  of 
Tipton  County.  These  wells  have  a  comparatively  high  pressure, 
but  a  great  amount  of  water  and  very  little  gas: 

The  Consumers'  Gas  Company,  whose  properties  were  located 
near  Fairmount,  and  between  Alexandria  and  Indianapolis,  have 
practically  abandoned  all  of  their  wells  and  sold  their  properties 
to  oil  companies  for  oil  development. 

NEW  TERRITORY. 

The  Barnes  Gas  Company,  of  Marion,  have  drilled  fifteen  wells 
in  the  last  year,  with  an  average  rock  pressure  of  one  hundred 
pounds  and  an  average  volume  of  200,000  cubic  feet  to  each  well. 
The  best  well  was  drilled  during  the  month  of  December,  1903, 
on  the  Edward  Goldthwaite  farm,  one  mile  east  of  Marion.  This 
well  started  with  a  volume  of  500,000  cubic  feet,  and  is  now 
making  60,000  cubic  feet.  The  following  is  the  record  of  this 
well : 

Drive  pipe   1(50  feet 

Casing   420  feet 

Top  of  Trenton 873  feet 

Total  depth 887  feet 
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A  deep  well  was  drilled  on  the  William  Amsden  farm,  located 
in  Center  Township,  Grant  County,  in  which  gas  was  struck  at  a 
depth  of  280  feet  in  the  Trenton.  A  volume  of  water  came  into 
the  hole  before  reaching  this  depth.  As  yet  they  have  been 
unable  to  exhaust  the  water,  and  consequently  the  well  is  not  pro- 
ducing gas  at  this  time.  The  gas  coming  up  through  600  feet  of 
water  showed  a  pressure  of  several  pounds;  however,  no  correct 
test  of  the  well  has  been  made.  The  record  of  this  well  is  as  fol- 
lows : 

Drive  pipe 140  feet. 

Casing 440  feet 

Top  of  Trenton 900  feet 

Total  depth  1,297  feet 

Four  good  gas  wells  were  drilled  on  the  William  Boxwell  lease, 
located  four  miles  northeast  of  Marion,  in  Washington  Township, 
Grant  County.  These  wells  were  drilled  into  the  Trenton  to  a 
depth  of  about  sixty-five  feet,  showing  an  average  rock  pressure 
of  one  hundred  pounds  and  a  volume  of  250,000  cubic  feet. 

On  December  8,  1904,  a  well  was  completed  on  the  Flora  Evans 
lease,  located  in  the  southwest  quarter  of  section  14,  in  Bear 
Creek  Township,  Jay  County,  showing  a  rock  pressure  of  350 
pounds.  No  correct  test  has  been  made  of  the  volume.  The  record 
of  this  well  is  as  follows : 

Drive  pipe 303  feet 

Casing 387  feet 

Top  of  Trenton 988  feet 

Total  depth 1,000  feet 

About  thirty  wells  have  been  drilled  in  the  vicinity  of  Knights- 
town  during  the  past  year.  These  wells  have  been  drilled  by  local 
companies,  and  show  a  rock  pressure  of  about  70  pounds,  with 
an  average  volume  of  about  200,000  cubic  feet.  The  average 
record  of  these  wells  is  as  follows : 

Drive  pipe 85  feet 

Casing    390  feet 

Total  depth 950  feet 
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GIBSON  COUNTY  OIL  AND  GAS  FIELD. 

During  the  year  1904  there  have  been  about  forty-five  gas  anc| 
pil  wells  drilled  in  the  vicinity  of  Princeton,  in  Patoka  Township, 
Uibson  County.     The  average  record  of  these  wells  is  as  follows: 

Drive  pipe  100  feet. 

Casing 000  feet. 

Total  depth .§70-910  feet 

One  of  tliCi^c  wells  was  completed  on  the  Dixon  lease  during  the 
uioi^th  of  July,  1904,  by  the  Ohio  Oil  Company,  and  developed  a 
rock  pressure  of  310  pounds,  with  a  volume  of  600,000  feet  whei^ 
completed.  It  now  shows  a  rock  pressure  of  260  pounds  and  a 
volume  of  100,000  feet.  This  well  was  drilled  to  the  depth  of  872 
feet.  Another  well  was  drilled  in  the  same  vicinity  on  the  Miller 
lease,  which  developed  a  rock  pressure  of  300  pounds  and  a  vol- 
ume of  800,000  feet.  The  rock  pressure  of  this  well  is  now  about 
260  pounds  and  the  volume  100,000  cubic  feet.  Two  wells  were 
drilled  on  the  Knight  lease  by  the  Southern  Oil  Company.  No.  1 
developed  a  volume  of  600,000  cubic  feet  and  No.  2  a  volume  of 
400,000  cvbic  feet. 

All  of  the  foregoing  wells  are  located  in  the  vicinity  of  Prince- 
ton, which  city  has  been  faring  well  in  the  way  of  gas.  Their 
glass  factory  is  being  operated  at  its  full  capacity,  and  its  resi- 
dents are  well  supplied  with  gas  for  fuel.  Almost  all  of  the  oil 
wells  produce  more  or  less  gas.  The  gas  product  from  the  oil 
wells  is  used  for  operating  the  leases,  and  the  balance,  if  any,  is 
turned  into  the  gas  mains  of  the  gas  companies.  While  the  gas 
product  in  the  vicinity  of  Princeton  is  very  satisfactory  at  the 
present  time,  the  history  of  the  field  will,  in  all  probability,  be  a 
repitition  of  that  at  Loogootee,  where  the  conditions  were  prac- 
tically the  same. 

THE  CONSUMPTION  OF  GAS. 

• 

The  consumption  of  natural  gas  has  not  decreased  as  much  dur- 
ing the  past  year  as  it  did  during  the  year  of  1903.  While  it  is 
true  that  a  number  of  gas  companies  have  abandoned  their  proper- 
ties and  ceased  operating,  other  companies  have  done  considerable 
drilling  and  have  succeeded  in  keeping  their  production  from  ma- 


tenal  depreciatioD.  All  the  gas  compamea  sell  their  gas  by  meter 
measuremeDt.  Under  this  system  of  measurement  the  companies 
receive  about  five  times  as  much  for  their  gas  as  they  did  under 
the  flat  rate  system.  In  general  the  consumes  do  not  rely  wholly 
upon  gas  as  a  fuel  during  the  colder  months,  yet  they  atill  con- 
tinue to  use  it  in  connection  with  other  fuel.  Thus  the  use  of  nat- 
ural gas  for  domestic  purposes  is  about  the  same  as  it  was  during 
the  year  1903. 

It  is  impossible  to  say  how  much  gas  is  used  for  manufacturing 
purposes.  A  nimiber  of  the  factories  have  not  shut  off  the  gas 
entirely,  but  continue  to  use  it  during  the  summer  months.  But 
few  factories  will  leave  the  gas  field  for  the  reason  that  the  supply 
is  becoming  less.  The  majority  of  the  more  substantial  factories 
in  the  field  are  supplementing  the  limited  supply  of  gas  with 
other  fuel.  It  is  impossible  to  say  how  long  the  gas  supply  will 
last.  It  is  the  opinion  of  experienced  gas  men  that  under  the 
present  system  of  measurement  and  consumption  it  will  last  for 
a  considerable  length  of  time.  All  the  cities  that  were  using  gas 
during  the  year  1903  have  continued  the  use  of  same  with  one 
exception.  The  city  of  Indianapolis  has  entirely  abandoned  the 
use  of  natural  gas  as  a  fuel. 

WASTE  OF  GAS. 

It  is  hardly  necessary  to  say  anything  about  this  subject,  for 
the  reason  that  it  has  been  thoroughly  gone  over  in  the  report 
of  1903  and  the  conditions  are  now  practically  the  same  as  during 
that  year.  Most  of  the  waste  can  be  charged  to  carelessness  in  the 
way  of  imperfect  fittings  and  improper  burners.  While  it  is  true 
that  it  is  difficult  to  produce  oil  from  a  well  with  a  high  gas  pres- 
sure without  wasting  gas,  the  present  pressure  is  at  a  point  where 
oil  can  be  produced  with  little  difficiilty.  There  are  numerous 
localities  in  the  oil  field  where  the  gas  is  so  scarce  that  the  opera- 
tor has  trouble  in  obtaining  sufficient  gas  with  which  to  operate 
the  leases.  If  there  is  a  surplus,  it  can  be  turned  into  low-pressure 
gas  mains  of  gas  companies  at  a  fair  compensation.  By  expe- 
rience I  have  ascertained  the  sections  where  the  disposition  to 
waste  gas  seems  greatest,  and,  by  constant  attention,  I  have  re- 
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dliced  the  waste  of  gas  to  a  minimuin.  Of  course,  it  is  only  by 
constant  attention  that  waste  of  gas  can  be  prevented  as  long  as 
any  remains  in  the  mains. 

PLUGGING  OF  ABANDONED  vxAS  AND  OIL  WELLS. 

Another  element  with  which  the  gas  industry  has  had  to  contend 
is  the  introduction  of  fresh  water  into  the  oil  and  gas  rock  from 
wells  that  have  been  improperly  plugged,  or,  as  is  often  the  case, 
not  plugged  at  all.  This  is  an  evil  which,  at  the  present  time, 
seriously  threatens  the  oil  and  gas  industry,  throughout  the  State- 
Much  has  been  done  to  enforce  the  law  regarding  the  plugging  of 
gas  and  oil  wells.  The  condition  of  the  field  at  the  present  time 
shows  that  this  subject  needs  constant  attention.  This  condition, 
although  new  to  the  Indiana  field,  is  not  new  to  old  and  expe- 
rienced operators,  for  the  same  conditions  have  developed  in  the 
Eastern  fields,  after  a  failure  to  plug  the  numerous  abandoned 
wells.  Valuable  properties  have  been  rendered  valueless  in  this 
way.  As  far  as  I  have  been  able,  together  with  my  assistants,  I 
have  constantly  directed  the  attention  of  this  office  to  this  phase 
of  its  duties.  It  has  been  impossible,  under  existing  conditions, 
for  a  representative  from  this  office  to  be  present  in  person  at  all 
times  when  wells  are  plugged.  While  the  more  responsible  opera- 
tors have  vigorously  complied  with  the  provisions  of  the  law, 
still,  there  are  numerous  wells  throughout  the  State  that  have 
been  improperly  plugged  or  not  plugged  at  all,  as  is  evidenced 
by  the  vast  amount  of  fresh  water  which  is  being  pumped  from 
oil  wells  in  certain  localities  in  the  field. 

COMPRESSING  STATIONS. 

The  annual  report  from  this  office  for  the  year  1901  says: 
"With  the  decrease  in  the  rock  pressure  in  the  field  came  the 
necessity  for  using  compi-essors  on  pipe  lines.  The  pressure  re- 
quired to  transport  natural  gas  depends  primarily  upon  the  con- 
sumption. With  no  consumption,  and  the  pipe  line  perfectly 
tight,  the  pressure  at  the  outlet  of  the  line  must  be  the  same  as 
at  the  wells,  and  with  the  line  wide  open  at  the  point  of  consump- 
tion the  loss  of  pressure  is  at  a  maximum.    The  amount  of  natjiral 
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gas  that  can  be  transported  in  any  pipe  line  a  given  distance 
depends  upon  the  size  of  the  line  and  the  pressure  in  the  same, 
the  former  governing  the  volume  of  gas  and  the  latter  the  ve- 
locity. Thus,  as  the  field  pressure  decreases  the  question  pre- 
sented to  both  gas  companies  and  manufacturers  is  whether  to 
build  compressing:  stations  or  increase  their  pipe  line  capacity. 
Some  have  adopted  the  former,  others  the  latter,  while  occasion- 
ally it  has  been  necessary  to  resort  to  both."  Some  of  the  gas 
companies  have  installed  compressors  during  the  year  1904,  while 
others  have  either  reduced  the  capacity  of  their  compressors  or 
abandoned  the  gas  industry  altogether. 

The  Huntington  Light  and  Fuel  Company  have  established  a 
new  compressing  station  near  Upland.  This  station  was  started  in 
'  the  month  of  November,  1904.  They  obtained  their  gas  supply 
from  the  Upland,  Matthews,  Gas  City  and  Marion  fields,  and 
have  a  capacity  capable  of  supplying  20,000  people.  The  station 
at  Upland  is  one  of  the  best  in  the  field. 

The  Ft.  Wayne  Gas  Company  has  established  a  new  com- 
pressing station  near  Anderson.  This  station  draws  its  gas  supply 
from  the  territory  south  and  southeast  of  Anderson  and  from  the 
territory  near  Frankton  and  Pendleton.  This  station  possesses  a 
capacity  equal  to  that  of  the  Huntington  Light  and  Fuel  Com- 
pany, but  it  is  doubtful  if  their  supply  is  as  great  as  that  of  th« 
former  company. 

The  Chicago  Gas  Company  has  removed  about  one-half  of  their 
compressors  at  their  Fairmount  and  Greentown  stations.  The 
Lafayette  Gas  Company  has  reduced  the  capacity  of  their  sta- 
tion, located  at  Smnmitville,  in  the  same  proportion.  The  reduc- 
tion of  the  capacity  at  the  above-mentioned  stations  has  been  due 
to  the  fact  that  their  gas  supply  has  been  considerably  diminished. 

The  Princeon  Natural  Gas  Company  and  the  Petersburg  Natu- 
ral Gas  Company  have  not,  as  yet,  established  compressing  sta- 
tions. They  continue  to  rely  on  the  rock  pressure  to  furnish  a 
sufficient  supply  of  gas  to  the  consumers.  Their  supply,  as  stated 
by  Prof.  Blatchley,  in  his  annual  report  of  1903,  is  obtained  from 
the  Huron  sandstone,  and  the  wells  are  not  as  long-lived  as  those 
of  the  Trenton  limestone  field.  The  above-named  companies  will, 
in  all  probability,  be  compelled  to  establish  compressing  stations 
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within  the  next  year.  The  production  from  the  Loogootee  field, 
in  Martin  County^  has  diminished  considerably.  The  area  of  the 
field  remains  practically  the  same  as  in  the  year  1908. 

I  have  tested  the  pressure  in  all  of  the  lines  transporting  gas 
from  the  larger  and  more  powerful  compressors^  and  have  not 
foimd  the  pressure  to  be  above  200  pounds  at  any  time. 


THE  UnUZATKW  OF  CONVICT  LABOR  IN  MAKIN^ 
ROAD  MATERIAL. 


By  1^.  S.   Bl^TOHLBY. 

The  question  of  good  roads  is  at  present  one  of  the  moat  vital 
'  with  which  the  fanning  community  of  Indiana  has  to  deal.  Many 
of  the  better  counties  of  the  State  long  ago  realized  the  impor- 
tance of  this  question,  pnd,  where  the  road  material  was  conven- 
iently located,  constructed  gravel  ot  macadam  roads  radiating  in 
all  directions  from  their  county  towns.  In  other  coimtiee  pos- 
sessing a  plentiful  supply  of  road  material  the  importance  of  the 
question  has  not  yet  been  realized,  and  for  six  months  of  the  year 
the  farmers  are  practically  isolated  from  market,  or,  if  they  man- 
age to  reach  it  once  a  week,  can  only  haul  thereto  a  fraction  of  a 
load.  Such  counties  are  readily  recognized  as  far  below  the  aver- 
age in  wealth,  prosperity  and  the  public  spirit  of  their  citizens. 

Prof.  Latta,  of  Purdue  University,  a  few  years  ago  made  a 
careful  study  of  the  good  roads  question  in  the  State.  He  received 
reports  from  hundreds  of  fanners,  scHue  of  whom  live  on  good 
roads  once  bad  and  others  on  roads  still  bad.  I'rom  these  reports 
be  oomputad  statistics  showing  that  the  difference  between  good 
and  bad  roads  amounts  to  78  cents  an  acre  annually  on  the  fanns. 
Apply  this  amount  to  the  entire  State — 36,350  square  miles,  or 
23,264,000  acres— and  we  have  the  sum  of  $18,145,920.  Of  this 
amount  fully  two-thirds  is  wasted  every  year  in  the  State  in  the 
loss  of  time  and  in  the  loss  of  opportunity  in  securing  the  best 
market  for  the  produce  of  the  farm. 

This  question  of  good  and  bad  roads  came  up  to  me  very  forci- 
bly in  the  past  year  while  writing  a  paper  on  the  petroleum  indus- 
try of  Indiana.  In  preparing  a  map  for  that  paper  I  found  that 
many  farms  in  the  very  center  of  productive  territory  had  not 
been  drilled  because  they  were  on  mud  roads  and  distant  fronr 
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derrick  timbers  necessary  for  drilling  in  and  pumping  a  produc- 
tive well  are  very  heavy,  and  it  is  almost  impossible  to  haul  them 
over  many  of  the.roads  in  the  oil  field  between  the  Ist  of  Novem- 
ber and  the  1st  of  April.  The  operator,  therefore,  develops  first 
those  leases  on  pike  roads  or  close  to  railway  stations,  leaving  those 
on  mud  roads  to  the  very  last.  The  farmers  living  in  the  oil  belt 
who  are  receiving  or  might  receive  large  sums  in  royalty  for  their 
oil  should,  therefore,  see  to  it  that  their  farms  are  accessible  at 
all  times.  A  successful  oil  operator  is  usually  a  busy  man,  who 
does  not  wish  to  lose  5-12  of  his  time  on  account  of  bad  roads; 
hence,  he  leaves  the  territory  with  mud  roads  and  operates  that 
which  he  can  reach  365  days  in  the  year. 

During  the  past  decade  our  vehicles  for  rapid  country  travel 
have  become  more  numerous  and  of  an  entirely  different  style 
from  what  they  were  twenty  years  ago.  Almost  every  farmer 
now  owns  his  own  buggy  and  carriage.  The  bicycle  by  countless 
thousands  has  come  to  stay,  and  the  automobile  will  soon  be  more 
common  on  the  improved  roads  of  the  State  than  the  two-horse 
surrey  was  a  dozen  years  ago.  The  owners  of  all  these  forms  of 
vehicles  are  demanding,  and  will  continue  to  demand,  better  roads, 
and  the  legislator  must  soon  learn  that  the  question  is  one  of  the 
most  important  which  he  has  to  face. 

Another  phase  of  the  good  roads  question  came  into  existence 
with  the  twentieth  century.  Five  years  ago  the  rural  mail  carrier 
was  an  almost  unknown  factor  in  our  State.  Now  he  travels  in 
every  county,  carrying  his  messages  of  joy  or  sorrow  to  the  farm- 
er's door  each  day.  The  daily  paper,  with  its  market  reports  and 
news  of  the  world  is,  or  can  be,  put  regularly  into  the  farmers' 
hands  within  a  dozen  hours  of  its  issue,  even  though  he  lives  a 
score  of  miles  from  a  railway.  Time  is  the  most  valuable  pos- 
session given  to  man  on  earth,  provided  he  has  the  ability  and 
cares  to  use  it  to  his  advantage.  The  time  saved  in  going  to  town 
for  the  mail  or  for  some  necessity  which  the  mail  carrier  can 
brinff  is  the  most  important  advantage  of  the  rural  free  delivery 
system.  But  this  system  will  not,  cannot  and  should  not  be  made 
a  permanent  factor  in  the  country  unless  the  farmers  see  to  it  that 
the  roads  are  kept  in  such  a  condition  that  the  route  can  be  covered 
in  the  time  allotted.    The  United  States  Government,  through  its 
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Postoflfice  Department,  demands  that  the  farmers  do  this  much, 
and  the  demand  is  just.  Those  farmers  of  the  State  who  have  had 
the  foresight  and  good  judgment  to  improve  the  roads  in  their 
vicinity  are,  for  the  most  part,  contented  and  prosperous.  Their 
products  are  easily  gotten  to  market  when  the  price  is  at  its  best, 
and  the  wolf  never  rests  on  his  haunches  before  their  doors. 

On  the  other  hand,  those  living  in  the  bad  road  districts  endure, 
for  more  than  a  third  of  their  time,  an  enforced  idleness,  which 
makes  them  ever  poorer  and  causes  them  to  cry  out  against  their 
lot  in  life,  rather  than  against  their  own  short-sightedness  on  the 
road  question.  Indiana  is  rich  in  clay  suitable  for  vitrified  brick, 
rich  in  gravel,  rich  in  stone  for  macadam  roads.  There  is  no  rea- 
soi^  therefore,  why  every  public  road  of  any  importance  in  the 
State  should  not  be  improved,  so  that  it  may  be  traveled  with 
ease  any  day  in  the  year. 

Let  us  now  take  up  a  second  phase  of  the  question.  In  the  peni- 
tentiary at  Michigan  City  and  in  the  Eeformatory  at  Jefferson- 
ville  are  1,800  men,  most  of  whom  are  able-bodied.  Only  a  few 
years  ago  half  of  those  in  the  Michigan  City  prison  were  being 
marched  about  to  furnish  them  exercise,  because  the  labor  organi- 
zations of  our  State  were  opposed  to  their  competition.  The  indus- 
try of  the  honest  citizens  of  the  State  paid  for  maintaining  these 
criminals  in  idleness.  Even  at  the  present  time,  under  the  con- 
tract system  there  in  vogue,  the  prisoners  at  Michigan  City  are 
making  shirts  and  socks  in  competition  with  sweat  shops,  and  it 
may  be  said  that  prison  industry  has  the  general  effect  of  degrad- 
ing free  industry  in  the  same  lines  to  the  sweat-shop  basis.  The- 
making  of  hollow  ware,  chairs,  brooms,  barrels,  leather  goods,  etc., 
by  the  prisons  of  this  and  other  States  has  had  a  killing  effect  on 
these  industries.  The  convict  contract  system  does  conflict  with 
free  labor  and  free  industry,  and  the  agitation  against  it  cannot 
and  will  not  cease  until  it  is  thoroughly  abolished. 

Taking  up  the  third  phase  of  the  question,  we  find  that  there 
is  at  present,  in  a  number  of  the  counties  of  Western  and  South- 
em  Indiana,  vast  undeveloped  deposits  of  shale  and  fire  clay 
which,  by  numerous  tests,  have  been  proven  suitable  in  every 
respect  for  the  making  of  the  best  grade  of  paving  brick  and  sewer 
pipe.     Beneath  most  of  these  shale  beds  and  overlying  the  fire 
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clay  are  thick  beds  of  coal,  far  more  than  sufficient  to  bum  tiie 
brick  and  pipe.  The  preseince  of  this  fuel  is  a  point  of  great 
advantage,  as  it  reduces  the  cost  of  the  manufacture  of  the  clay 
products  to  the  lowest  possible  figure.  In  many  counties,  espe- 
cially in  the  northern  part  of  the  State,  there  is  an  absence  of 
gravel,  stone  or  other  material  suitable  for  the  improvement  of 
the  roads. 

Knowing  the  presence  of  these  raw  road  materials  in  inexhaust- 
ible quantities,  and  having  a  knowledge  also  of  the  crying  neces- 
sity on  the  part  of  the  public  for  better  roads,  as  well  as  the 
demand  from  all  labor  organizations  for  the  abolishment  of  the 
contract  labor  system  among  our  convicts,  I  proposed,  a  few  years 
ago,  the  following  plan  for  utilizing  convict  labor  for  the  public 
good  in  the  lasting  improvement  of  our  roadways.  * 

Let  the  General  Assembly  authorize  the  purchase  of  an  exten- 
sive bed  of  shale  in  Western  Indiana,  and  the  erection  on  it  of  a 
modern  paving  brick  factory.  Equip  this  factory  with  convict 
labor  and  put  several  hundred  additional  convicts  to  breaking 
stone  for  foundation  and  cutting  it  for  curbing.  This  brick  and 
stone  can  then  be  furnished,  at  the  plant  at  less  than  one-sixth 
present  prices  to  those  counties  devoid  of  other  road  material,  or 
may  be  given  them  if  they  are  not  willing  to  buy  it.  The  cost  of 
a  paving  brick  plant,  completed  for  work,  which  has  a  capacity  of 
40,000  output  per  day,  is  about  $55,000.  One  with  double  the 
capacity  costs  about  $70,000.  The  greater  ainount  of  this  expense 
is  for  buildings  and  kilns,  which  could,  by  convict  labor,  be  con- 
structed of  brick  made  on  the  spot,  so  that  the  cost  to  the  State 
would  be  less  than  half  this  sum.  After  the  plant  is  once  in 
operation,  with  fuel  and  raw  material  both  at  hand,  the  only  out- 
lay is  for  labor.  Where  the  daily  output  is  80,000  brick,  and  the 
fuel  is  mined  in  connection  with  the  shale,  the  number  of  hands 
necessary  is  about  100.  These,  at  $1.50  each  per  day,  would 
make  the  cost  of  the  brick  about  $2.25  per  thousand.  With  con- 
vict labor,  the  actual  cost  of  the  brick  would  only  be  the  sum  paid 
out  for  the  maintenance  of  the  prisoners.  It  costs  40  cents  a  day 
to  maintain  a  convict.  To  this  add  50  per  cent,  for  wear  and  tear 
on  tools,  etc.,  and  the  cost  would  not  exceed  60  cents  a  day.  A 
year's  output  would  be  sufficient  to  pave  125  miles  of  roadway. 


laere  are  4z  bncK  to  a  square  yard  oi  roadway,  ana  5U{},UUU  to  a 
mile  of  roadway  20  feet  wide.  The  cost  of  this  brick  by  convict 
labor  would  thus  be  $300.  Tlie  crushed  atone  neceeaary  for  mac- 
adam oould  be  prepared  by  convict  labor  within  the  prison  and 
furnished  for  not  more  than  80  cents  per  cubic  yard,  and  the 
curbing  at  a  correspondingly  low  price.  In  CaUfomia  the  cost  of 
macadam  made  by  convicts  is  25  cents  a  cuWc  yard.  Prisoners  in 
Massachusetts  are  making  it  at  28  cents.  One  mile  of  roadway 
20  feet  wide  will  require  1,304  yards  of  macadam  to  make  a  foun- 
dation four  inches  thick,  or  a  total  cost  of  $365,  at  28  cents  a  yard. 
Addii^  this  to  the  cost  of  the  brick  makes  the  cost  of  the  material 
for  one  mile  of  road  $666. 

Next  comes  the  cost  of  transpCH-tation  from  the  prison  to  the 
point  where  needed.  The  railroads  of  Indiana  would  doubtless 
co-operate  in  any  plan  of  systematic  road  building,  as  they  have 
done  in  Illinois,  California  and  other  States.  In  California,  where 
there  is  but  one  railroad  company,  and  that  credited  with  being 
hostile  to  the  iuterests  of  the  people,  the  material  is  transported 
from  a  State  convict  plant  at  the  bare  cost  of  haulage,  the  rate 
being  25  cepts  a  ton  for  a  haul  of  100  miles.  Good  roads  are 
important  tributaries  to  railroads,  and  this  accounts  for  their 
readiness  to  assist  in  making  them.  At  25  cents  a  ton  it  would 
cost  $625  to  transport  the  brick  and  $326  to  transport  the  mac- 
adam for  one  mile  of  road  20  feet  wide.  Adding  this  to  the  cost 
of  materials  gives  $1,6X2.12  as  the  cost  of  materials  on  board 
cars  at  the  pcant  of  use. 

The  coat  of  grading,  curbing  and  laying  need  not  exceed  $600 
a  mile.  The  cost  of  teaming  varies.  For  an  average  distance  of 
two  and  a  half  miles  it  is  30  cents  per  yard  for  macadam.  The 
cost  of  hauling  the  brick  and  macadam,  based  on  these  iigures, 
would  be  $900.  Therefore  the  cost  of  the  brick  road,  aside  from 
the  cost  of  the  materials,  would  be  about  $1,500,  or  about  one- 
half  the  total  cost  of  the  road,  materials  and  all.  It  is  the  general 
statement  of  engineers  that  the  cost  of  materials  is  about  one- 
half  the  cost  of  a  road. 

A  road  of  vitrified  brick,  which,  if  properly  constructed,  will 
last  a  half-  century  or  longer,  with  little  expense  for  maintenance, 
can  then  be  built  at  a  cost  of  not  over  $3,300  a  mile,  the  most  of 
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which  would  be  for  teaming,  grading  and  the  laying  of  the  brick. 
For,  understand,  the  plan  proposed  does  not  consider  that  the  con- 
victs be  employed  except  in  the  preparation  of  the  material,  the 
latter  to  be  furnished  free  to  the  counties.  All  grading,  teaming, 
bricklaying,  etc.,  should  bo  done  by  free  labor,  as  it  is  at  present. 
The  day  of  the  chain-gang  at  work  on  the  roadside,  subjected  to 
the  gaze  and  jeers  of  the  passerby,  is,  rightfully,  a  thing  of  the 
past. 

Not  only  could  brick  and  macadam  be  made  for  roadways  in 
the  prison  which  I  have  in  mind,  but  all  brick,  both  ordinary  and 
pressed  front,  could  be  made  for  all  public  buildings,  such  as  jails, 
courthouses,  schoolhouses,  insane  asylums  and  county  infirmaries. 
The  shale  and  fire  clay  is  in  every  way  suitable  for  such  material, 
and  it  could  be  furnished  at  cost,  which  would  not  be  over  $1.50 
per  thousand  for  the  finest  of  pressed  brick.  The  public  pay  the 
taxes  to  erect  such  buildings,  and  also  the  taxes  for  maintaining 
the  prisoners;  why  not,  then,  have  those  prisoners  prepare  the 
material  for  public  buildings  and  so  lessen  the  tax  burden  of  the 
people. 

A  few  years  ago  California  was  in  the  same  situation  as 
Indiana  is  today.  Her  convicts  were  idle  in  deference  to.  the 
wishes  of  her  labor  organizations.  Her  legislators  passed  a  law 
authorizing  the  employment  of  the  convicts  in  the  breaking  of 
stone  for  road  material.  Today  that  State  is  supplying  the  pre- 
pared stone  to  the  counties  at  28  cents  a  cubic  yard  on  board  the 
cars,  which  is  less  than  one-third  the  ordinary  market  price;  yet 
sufficient  to  pay  for  the  nmintenance  of  the  convicts.  The  rail- 
roads  of  the  State  are  carrying  the  material  at  the  bare  cost  of 
hauling,  for  they  realize  that  the  improved  country  roads  will 
bring  to  them  in  the  future  a  great  increase  in  farm  products  for 
shipment. 

Many  objections  to  the  plan  will  doubtless  arise,  for  the  ques- 
tions to  be  solved  are  important  ones,  and  for  that  reason  uo  plan 
can  or  will  be  presented  but  what  will  have  its  weak  points.  The 
most  serious  of  these  objections  is  the  cost  of  a  new  prison,  which 
would  necessarily  have  to  be  constructed  at  the  plant.  This,  how- 
ever, would  be  much  less  than  is  generally  supposed,  since  the 
shale  can  be  burned  into  ordinary  and  pressed  front  brick  of  the 
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finest  quality.    The  brick  could  therefore  be  made  and 
constructed  by  the  convicts  themselves  at  a  very  reasor 

It  seems,  therefore,  that,  given  an  ever-growing  de 
better  roads,  an  abundance  of  Bature's  products  whi< 
made  into  the  best  of  road  material,  and  a  large  numb 
victs  able  and  willing  to  work,  we  have  a  combination  wh 
the  proper  management,  would  give  us  the  improved  i 
nish  employment  for  our  convict  labor,  and  yet  give  no 
that  army  of  honest  workingmen  whose  interests  and  w 
ever  to  be  upheld. 

In  accordance  with  the  above  plan,  the  following 
drafted  in  this  office,  and,  in  February,  1003,  was  introc 
the  Lower  House  of  the  Sixty-third  General  Assembl; 
bills,  however,  had  the  preference  and  support  of  th( 
that  be,"  and  the  one  herewith  presented  was  not  repor 
committee. 

A  BILL  FOR  AN  ACT  abolishing  contract  labor  In  the  Indlai 
atory;  creating  a  new  Industrial  Prison  In  the  western  part  i 
giving  employment  to  convicts  from  the  Reformatory  at  Jef 
regulating  the  hours  of  labor,  and  how  said  labor  shall  be 
making  an  appropriation  for  the  purchase  of  land,  tools, 
and  other  appliances  necessary  for  the  State  to  employ  sue 
the  pubUc  account  system  in  the  manufacture  of  vitrified 
other  material  for  the  building  of  public  highways;  provldlE 
for  superintendent,  guards, -etc.,  and  declaring  an  emergenc 

Section  1.  Be  it  enacted  hy  the  General  Assembly  of  the  State 
That  the  employment  of  convict  labor  in  competition  with  fr< 
the  Indiana  Reformatory  at  Jeffersonville  is  hereby  abolishe 
convicts  in  said  Reformatory  shall  not  be  hereafter  employed 
contracts  other  than  those  already  made,  which  contracts  si 
renewed  when  they  expire. 

Sec.  2.  That  the  Governor  of  Indiana  shall,  on  or  before  tl 
of  April,  1903,  appoint  four  competent  and  disinterested  mer 
than  two  of  whom  shall  be  of  the  same  political  party;  these  e 
stitute  a  Board  of  Control  for  a  new  Industrial  Prison.  Sai( 
of  the  Board  of  Control  shall  meet  within  ten  days  after  the 
ment,  and  shall  immediately,  by  lot,  determine  the  term  of  y< 
each  shall  serve,  as  follows:  One  for  one  year,  one  for  two 
for  three  years  and  one  for  four  years  from  the  date  of  their  aii 
Upon  the  expiration  of  the  term  of  any  member,  the  Governo 
point  his  successor  for  a  term  of  four  years.  The  Governor  sh 
any  vacancy  which  may  at  any  time  occur  on  the  Board  by 
death,  resignation  or  other  cause.    The  Board  of  Control,  so  c 
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shall  have  the  full  management  of  the  Industrial  Prison,  hereinafter  to  be 
provided  for,  up  to  the  time  when  it  shall  be  ready  for  the  permanent 
occupancy  by  prisoners,  when  they  shall  appoint  a  General  Superintendent 
or  Warden,  who  shall  have  the  same  powers  as  does  the  present  warden  of 
the  Indiana  State  Prison  at  Michigan  City;  and  thereafter  said  Board  of 
Control  shall  direct  the  management  of  said  Industrial  Prison  in  such 
a  manner  as  will  best  aid  the  purposes  lor  which  it  is  created,  or  in  such 
a  manner  as  shall  be  hereafter  provided  by  law.  Each  member  of  the 
Board  of  Control  shall  receive  $500  per  annum  in  fnll  for  all  salary  and 
expenses. 

Sec.  3.  That  the  said  Board'  of  Control  of  the  Industrial  Prison  is 
hereby  authorized  and  empowered  to  purchase  one  thousand  acres  of  land 
In  western  Indiana,  at  a  sum  not  to  exceed  $50  per  acre;  said  land  to  he 
within  reasonable  switching  distances  of  two  or  more  different  lines  of 
railway;  the  greater  portion  of  the  surface  of  said  land  to  be  tillable,  and 
to  be  underlain  with  shale  or  fire-clay  suitable  for  making  vitrified  and 
ordinary  briclc;  and  at  least  two-thirds  of  said  land  to  be  underlain  with' 
one  or  more  veins  of  workable  coal,  the  minimum  thickness  of  one  vein 
of  which  shall  be  three  feet 

Sec.  4.  The  Board  of  Control,  with  the  aid  of  the  Warden  of  the  Indi- 
ana Reformatory,  shall,  between  April  1st  and  April  lOth,  1904,  select  from 
the  able-bodied  convicts  in  said  Reformatory,  between  the  ages  of  twenty- 
one  and  thirty,  a  number  not  to  exceed  two  hundred,  and  shall  take  such 
convicts  under  guard  to  a  temporary  camp  of  detention  on  the  site  of  the 
future  prison.  Here,  under  the  supervision  of  trained  men,  they  shall 
sink  a  shaft  to  the  vein  of  coal,  and  shall  construct  temporary  kilns  and 
make  and  burn  ordinary  brick  in  sufficient  quantity  to  construct  a  cell 
house  and  other  necessary  buildings,  and  to  build  the  walls  about  a  tract 
of  land  of  sufficient  size  to  surround  buildings  to  be  used  as  factories  for 
the  future  making  and  burning  of  vitrified  and  other  brick.  The  cell- 
houses,  walls,  factories  arid  all  other  necessary  buildings  shall  be  con- 
structed, as  far  as  possible,  by  convict  labor.  As  soon  as  the  necessary 
buildings  for  sheltering  and  confining  the  prisoners  are  completed,  fac- 
tories and  kilns  shall  be  erected  and  equipped  with  the  necessary  ma- 
chinery for  the  making  of  vitrified  and  other  brick.  The  Board  of  Control 
shall  then  bring  from  the  reformatory  at  Jeffersonviile  to  the  new  prison, 
additional  convicts,  not  exceeding  three  hundred  in  number,  to  be  selected 
in  the  same  manner  as  the  first  removed.  Said  Board  shall  also  at  dis- 
cretion, and  by  and  with  the  consent  and  aid  of  the  Board  of  Control  of 
the  Indiana  State  Prison,  have  power  to  remove  from  that  Institution  to 
the  Industrial  Prison,  a  number  not  to  exceed  three  hundred  of  the  least 
vicious,  short-term,  able-bodied  convicts  not  engaged  in  contract  labor. 
Judges  of  criminal  courts  in  the  different  coun+ies  of  the  State  may,  at 
discretion,  sentence  parties  between  the  ages  of  twenty-one  and  fifty,  con- 
victed of  penal  offenses,  to  the  Industrial  Prison:  but  no  person  shi^n  be 
sent  there  whose  term  of  imprisonment  is  greater  than  fourteen  years; 
and  at  no  time  shall  the  convicts  of  said  prison  exceed  eight  hundred  in 
number. 

Sec.  5.    The  Board  of  Control  shall  make  arrangement  for  buying  and 
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shlppin^r  into  the  pri«on,  rough  stone  suitable  for  the  making  of  macadam 
and  concrete  material.  A  portion  of  the  convicts  shall  be  employed  In  pre- 
paring this  stone  for  the  foundation  and  curbing  of  vitrified  brick  roads; 
another  portion  In  making  and  burning  vltrtfled  brick,  and  a  third  portion 
in  tilling  the  soil  of  the  land  connected  v^^ith  the  prison,  the  crops  so 
raised  to  be  used  In  supplying  the  needs  of  the  Institution,  and  any  sur- 
plus to  be  sold  to  the  other  State  penal  institutions.  The  macadam  and 
vitrified  brick  prepared  and  n^ade  in  the  prison  shall  be  sold  at  actual  cost 
of  making,  f.  o.  b.  the  cars,  to  the  county  commissioners  of  the  different 
counties  of  the  State  for  use  only  In  the  construction  and  improvement  of 
the  public  highways  of  said  counties.  If  at  any  time  the  supply  of  these 
road  materials  much  exceeds  the  demand,  the  Board  of  Control  may,  at 
discretion,  employ  a  portion  of  the  convicts  in  the  making  of  ordinary 
building  brick,  said  brick  to  be  sold  at  cost  to  the  proper  officials  only  for 
use  in  the  construction  of  school  houses,  jails,  court  houses,  poor  asylums 
and  other  public  buildings.  The  regular  hours  of  a  day's  work  in  said 
Institution  shall  not  exceed  eight  hours,  subject  to  temporary  changes 
under  necessity  or  to  fit  special  cases,  to  be  sanctioned  by  the  Board 
of  Control. 

Sec.  6.  All  officers,  guards  and  employes  of  said  Industrial  Prison 
shall  be  appointed  and  selected  by  the  warden  of  said  prison,  and  by  and 
with  the  consent  of  the  Board  of  Control.  The  Board  of  Control  is  hereby 
authorized  to  determine  the  compensation  of  all  the  above  mentioned 
employes  and  warden  required  in  the  operating  of  said  Industrial  Prison. 

Sec.  7.  It  shall  be  the  duty  of  the  warden  to  assign  the  convicts  to 
such  work  as  in  his  opinion  they  are  particularly  fitted  for,  and  to  recom- 
mend to  the  Board  of  Control  from  time  to  time  such  necessary  materials, 
tools,  apparatus  or  accommodations  as  are  needful  for  the  purpose  of  car- 
i-ylng  on  and  conducting  said  brick  making  Industry  as  may  be  authorized 
under  this  act.  He  shall  make  a  quarterly  detailed  statement  of  all  ma- 
terials or  other  property  procured  and  the  cost  thereof,  and  of  the  ex- 
penditures made  during  the  last  preceding  quarter,  together  with  a  state- 
ment of  all  materials  then  on  hand,  the  amount  of  all  kinds  of  work  In 
process,  the  earnings  realized  during  said  quarter,  and  file  the  same  with 
the  Auditor  of  State. 

Sec.  8.  The  Board  of  Control  of  said  Industrial  Prison  shall  cause  an 
accurate  account  to  he  kept  of  all  receipts  and  expenditures  of  said  prison 
and  all  business  transactions  thereof,  and  out  of  the  moneys  received 
from  the  sale  of  vitrified  or  other  brick,  the  product  of  the  labor  of  the 
convicts,  and  also  from  the  sale  of  farm  and  garden  products  as  aforesaid, 
the  Board  of  Control  shall  have  the  authority  to  pay  the  salaries  of  the 
officers,  guards  and  employes  of  said  prison  and  to  pay  to  each  of  said 
convicts  in  said  prison  the  sum  of  ten  cents  (10c)  daily.  Said  convicts' 
pay  to  be  available  monthly  should  he  be  a  man  of  family. 

Sec.  9.  There  is  hereby  appropriated  out  of  moneys  not  otherwise 
appropriated  the  sum  of  one  hundred  and  fifty  thousand  dollars  ($150,000), 
to  be  used  in  the  purchase  of  land,  tools,  machinery,  apparatus  and  accom- 
modations, as  may  be  by  said  Board  of  Control  deemed  necessary  for  the 
purpose  of  conducting  said  prison  and  brick  plant,  the  labor  of  said  con- 
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victs  to  be  employed  on  the  public  account  system  and  the  sum  hereby 
appropriated  shall  only  be  used  to  establish,  provide  for  and  furnish  the 
necessary  machinery  and  materials  in  the  inauguration  of  such  Industrial 
Prison. 

Sec.  10.  All  laws  and  parts  of  laws  in  conflict  with  this  act  are  hereby 
repealed. 

Sec.  11.  Whereas  an  emergency  exists  for  the  immediate  taking  effect 
of  this  act,  the  same  shall  be  in  force  from  and  after  its  passage. 


THE  PETROLEUM  INDUSTRY  IN  INDIANA  IN  t904^ 


By  W.  S.  Blatohlby. 


Once  more  it  can  be  recorded  that  the  Indiana  petroleum  indus- 
try has  broken  its  record.  The  output  for  the  year  1904  was 
greater  than  in  any  previous  year,  both  in  number  of  barrels  pro- 
duced and  in  value,  though  the  average  market  price  declined 
nearly  7  cents.  Since  1898  each  year  has  seen  an  increase  in  pro- 
duction, and  in  the  seven  years  the  annual  output  has  more  than 
trebled.  As  a  very  full  report,  accompanied  by  a  map,  was  made 
on  the  industry  in  the  State  for  the  year  1903,  but  brief  mention 
of  the  more  important  developments  in  1904  will  be  given  in 
connection  with  the  statistics  for  the  year. 

The  Tbewton  Rock  Oil  Fields  of  Indiana  fob  the 

Year  1904. 

The  new  productive  territory  and  the  most  important  develop- 
ments of  the  year  were  mainly  in  the  Muncie-Parker-Selma  field 
of  Delaware  ajid  Randolph  counties,  the  center  of  operations  hav- 
ing shifted  from  Marion,  Grant  County,  to  Muncie,  in  Delaware. 
Here  the  greater  number  of  wells  put  down  in  1904  were  sunk 
from  280  to  320  feet  in  Trenton  limestone,  it  having  been  discov- 
ered in  the  latter  part  of  1903  that  a  second  or  third  pay  streak 
occurs  in  that  area  at  a  depth  of  240  to  300  feet  below  the  top  of 
Trenton.  Heretofore  most  of  the  productive  wells  of  the  State 
had  been  drilled  less  than  90  feet  in  the  Trenton  rock. 

In  Grant  County  the  new  developments  were  mainly  in  Wash- 
ington and  Jefferson  townships.  In  Washington,  north  of  Marion, 
sections  10  and  11,  the  south  halves  of  25  and  26  and  all  of  28, 
29  and  33  were  added  to  the  fair  to  good  productive  area  of  the 
map  of  the  previous  year.  In  Jefferson  Township,  in  the  south- 
eastern comer  of  the  county,  sections  5,  6,  7,  8,  17,  18,  19  and  20 
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came  in  as  light  productive  territory,  while  bores  sunk  in  9,  10, 
16,  16  and  22  were  for  the  most  part  dry.  Some  fair  to  good 
territory  was  opened  up  in  the  vicinity  of  Matthews,  in  sections 
31,  32  and  33  (23  K,  9  E.),  and  in  1,  2  and  4  (22  K,  9  E.). 
Bores  sunk  in  sections  22,  27,  28,  82,  33  and  35,  Monroe  Town- 
ship, Grant  County,  were  for  the  most  part  dry  or  productive  of 
gas. 

No  noteworthy  extensions  of  productive  territory  were  made 
in  Huntington  County.  In  Wells  quite  an  area  in  the  immediate 
vicinity  of  Poneto  was  added  to  the  map,  section  31,  Harrison 
Township;  84,  36  and  36,  Liberty  Township;  3  and  6,  Notting- 
ham Township,  and  1  Chester  Township,  proving,  for  the  most 
^    part,  fair  territory. 

In  Blackford  County  the  only  new  developments  of  comsequence 
were  in  sections  6,  7  and  8,  Licking  Township,  where  a  number  of 
light  producers  were  drilled  in. 

As  noted  above,  Delaware  County  furnished  the  most  of  the 
new  producing  territory.  In  Washington  Township  sections  11 
and  12  yielded  a  number  of  fair  wells.  In  Union  Township  new 
productive  territory  was  added  to  the  map  along  the  Mississinewa 
Eiver,  between  Eaton  and  Pittsburg;  sections  16,  17,  20  and  22 
having  yielded  a  number  of  fair  producers,  while  some  good  wells 
were  completed  on  the  north  half  of  14,  one  mile  north  of  Eaton. 

Quite  an  area  of  fair  to  good  territory  was  opened  up  in  Niles 

Township,  in  the  northeastern  part  of  Delaware  County ;  sections 

,19,  20,  21,  22,  28,  29  and  30,  in  the  southwestern  corner  of  the 

township,  producing  a  number  of  good  wells,  while  sections  31  and 

32  and  the  west  half  of  33  were  lighter. 

Section  1,  just  east  of  Shideler,  in  Hamilton  Township,  yielded 
a  few  light  wells.  Of  two  deep  bores  sunk  in  wildcat  territory  on 
the  J.  G.  Leffer  farm,  in  section  22,  Hamilton  Township,  the  first 
came  in  dry,  while  the  second  started  at  60  barrels  per  day.  The 
records  of  the  two  showed  as  follows : 


• 


So.  1,  No.  2. 

Feet.  /Ve«. 

Drive  pipe 57  37 

Casing    34(5  343 

Top  of  Trenton 960  914 

Total  depth 1,396  1,238 


TREITTOK   BOCK    OIL   FIELD   IN    1904. 

A  bore  sunk  by  the  American  Sheet  Steel  Compfl 
burg  just  north  of  Bethel,  in  Harrison  Township,  was 
through  Trenton  limestone,  its  thickness  being  foun 
800  feet. 

In  Delaware  Township  the  main  developments  of  tl 
in  sections  8,  9,  16  and  17,  three  or  four  miles  s 
Albany.  Of  three  deep  bores  sunk  on  the  J.  G.  Be 
section  16,  No.  1  was  dry,  while  Nos.  2  and  3  starter 
200  barrels,  respectively.    A  record  of  the  bores  wa; 

No.  1.  No.  2. 

Feet.  Feet. 

Drive  pipe 80  80 

Casing 380  370 

Top  of  Trenton 940  960 

Total  depth  1,280  1,290 

In  Center  Township,  Delaware  County,  the  only  r 
opened  up  was  west  of  White  Kiver  and  just  southeas 
in  sections  14  and  15,  where  the  wells  drilled  were  ge 
in  output.  Two  bores  on  the  J.  C.  Quick  farm,  in  se< 
of  which  yielded  salt  water  and  the  other  25  barrels, 
lowing  records : 

No.l. 
Feet. 

Drive  pipe 104 

Casing    348 

Top  of  Trenton 898 

Total  depth 1,212 

Liberty  Township,  in  which  the  towns  of  Selma  ar 
are  located,  was,  in  1904,  the  seat  of  the  greatest  ac 
entire  Indiana  field.  By  the  close  of  the  year  the  enti 
with  tho  exception  of  sections  2  and  12,  in  the  northeaJ 
the  west  half  of  section  18,  was  producing  more  or 
most  of  the  area  could  be  classed  as  good,  the  lighter  s 
6,  7,  13,  24  and  25. 

The  scene  of  most  excitement  during  the  year  was 
let  of  Smithfield,  where,  at  one  time,  in  May,  37  d 
to  be  seen  on  an  area  of  not  more  than  40  acres.  I 
first  wells  in  the  town  came  in  as  big  producers,  bu 
the  pool  had  been  pumped  down  until  only  small  wi 
In  October  the  main  work  was  being  done  near  Mt.  I 


etery,  in  aection  36,  Delaware  Township,  where  a  new  pool  of 
much  promise  had  been  opened. 

In  general  the  oil  in  the  deep  pay  wells  in  Liherty  Township  is 
found  between  270  and  300  feet  in  Trenton.  An  occasional  bore 
ifl  sunk  aa  low  as  350  feet  in,  but  they  are  poor  producers.  Some- 
times what  ia  known  as  a  "stray  pay"  is  found  at  150  to  200  feet. 
The  bores  ia  which  they  occur  make  quite  a  showing  for  a  few 
days,  but  soon  drop  to  little  or  nothing.  The  average  deep  pay 
well  holds  up  better  than  the  more  shallow  ones,  a  250-barrel  one 
yielding  about  75  barrels  at  the  end  of  six  months.  But  little  gas 
is  now  developed  in  the  bores  sunk  in  the  township.  In  October 
there  was  barely  enough  to  utilize  gas  engines  for  pumping,  and 
for  such  purpose  gas  was  selling  at  60  cents  per  thousand  cubic 
feet.  Drilling  was  being  done  with  Hocking  Valley  coal,  costing 
$3.00  per  ton. 

The  oil  from  the  deep  pay  wells  is  a  little  heavier  than  that 
from  the  more  shallow  ones,  and  has  a  tendency  to  hold  together 
with  water,  so  that  most  tanks  have  to  be  steamed.  It  ia  a  highei 
grade  product  than  any  other  Indiana  oil,  but  the  Standard  does 
not  recognize  that  fact,  and  pays  the  same  per  barrel  as  for  South 
Lima.  The  average  deep  pay  well  is  shot  with  160  quarts  of  nitro- 
glycerine. The  "sand"  or  pay  streak  usually  runs  frwn  eight  to 
ten  feet  in  thickness,  but  in  some  of  the  best  wells  occurs  30  to  50 
feet  thick. 

On  account  of  greater  depth  and  increase  in  cost  of  lumber 
and  iron,  the  cost  of  a  well  in  the  deep  pay  region  about  Selma 
ran  about  $600  more  in  1904  than  in  the  shallow  bores  of  the 
same  region  in  1903.  A  careful  estimate  of  the  coat  of  drilling 
and  fitting  up  the  first  productive  deep  pay  well  on  a  lease  in  the 
Sehna  field  in  October,  1904,  ran  about  as  follows: 

Rig  or  derrick f425 

Drilling  900 

Drive  pipe 120 

Casing  120 

Shooting  140 

Tubing  and  pumping  outfit 220 

Power  house  and  power 726 

Two  lanka  180 

Helting  and  lead  lines 126 

Incidentals  100 

Total  »3,i«o 
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After  the  power  was  in  place,  each  succeeding  well  could  be 
added  for  about  $1,700,  and,  without  shooting,  each  dry  hole  cost 
$1,000.  The  price  of  drilling  was  50  cents  a  foot  to  the  bottom 
of  the  first  60  feet  in  Trenton,  $1.00  a  foot  for  the  next  100  feet 
and  $1.50  for  the  remainder.  Twenty-five  cents  extra  per*  foot 
was  charged  for  all  drive  pipe  above  100  feet.  The  rig  was 
erected  by  the  operator  and  the  contractor  furnished  his  own  fuel. 
Most  drilling  was  being  done  by  contract,  though  a  few  of  the 
larger  companies  were  operating  their  own  strings  of  tools.  In 
general  the  Standard  rig  was  used,  but  a  few  Star  machines  were 
at  work.  Drillers  were  receiving  $4.50  and  tool  dressers  $3.50 
per  shift  of  12  hours,  while  pumpers  were  getting  $50  a  month. 

One  of  the  best  areas  operated  in  southwestern  Liberty  Town- 
ship in  October  was  in  sections  20  and  29,  on  the  farms  of  Collins 
and  Cecil.  On  the  Collins  lease  of  140  acres  there  were  six  wells 
yielding  125  barrels  each  and  one  dry  hole  within  600  feet  of  one 
of  the  best  wells.  On  the  Edward  Cecil  lease  there  were  four  and 
on  the  Walter  Cecil  nine  wells,  the  thirteen  averaging  75  barrels 
each.  A  record  of  Ko.  1  Walter  Cecil  and  No.  2  Collins  ran  as 
follows : 

«  No.lCeeiL    No.  2  Ooll%n$. 

Fe€t,  Feet, 

Drive  pipe 123  207 

Casing    328  320 

Top  of  Trenton 027  913 

Total  depth 1,107  1,190 

The  No.  1  Cecil  was  what  is  termed  a  crevice  well,  coming  in 
on  July  27  as  a  200-barrel  producer  without  being  shot.  The  No. 
2  Collins  started  September  30  at  200  barrels  and  was  producing 
100  barrels  daily  on  October  27.  No  top  or  shallow  pay  was 
found  in  either  well.  On  the  Louis  Reese  lease  a  bore  80  rods 
south  of  the  Cecil  No.  1  developed  top  pay  at  30  feet  in  Trenton. 
This  was  about  five  feet  thick,  and  was  good  for  eight  to  ten  bar- 
rels daily.  The  bore  was  continued  to  275  feet  in  Trenton  and 
started  off  at  150  barrels.  Before  being  operated  an  annual  rental 
of  $1.00  an  acre  had  been  paid  for  this  area  for  ten  or  jnore  years. 

A  few  light  wells  and  several  dry  holes  were  sunk  in  the  north 
half  of  Perry  Township,  just  south  of  Liberty,  during  the  year. 

On  the  Z.  T.  Dunkin  lease  of  100  acres,  in  the  northwest  quar- 
ter of  28,  Liberty,  there  were  19  producing  wells  on  October  27. 
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Of  these  15  were  deep  pay  wells,  drilled  between  March  and 

October.     Three  of  them  started  at  over  100  barrels  and  the  19 

« 

were  making  a  total  of  350  barrels  on  the  date  mentioned.    Two 
of  the  wells,  Nos.  8  and  10,  had  the  following  records : 

•  No.  8,         No.  10, 

Feet.  Feet. 

Drive  pipe 94  96 

Casing    345  345 

Top  of  Trenton 951  W6 

Total  depth 1,229  1,231 

No  upper  pay  was  found  in  either.  No.  8  started  at  25  barrels 
and  No.  10,  on  July  10,  at  125  barrels.  On  October  27th  it  was 
yielding  25  barrels  per  day.  Dunkin  was  receiving  $50  a  day 
royalty  from  the  100  acres,  and  had  received  altogether  about 
$10,000. 

On  the  Arthur  Cecil  lease  of  200  acres,  just  north  of  Dunkin, 
in  section  21,  there  were  22  wells  producing,  16  of  which  were  in 
deep  pay.  The  average  bore  on  this  lease  found  Trenton  at  932 
feet  and  the  lower  pay  at  about  1,210  feet.  Water  was  usually 
found  in  the  upper  porous  stratum  where  oil  was  formerly  looked 
for,  but  not  in  suiBcient  quantity  to  cause  trouble.  The  lower  pay 
averaged  about  11  feet  in  thickness. 

On  the  H.  K.  Lewis  farm,  just  north  of  Smithfield,  the  sound 
of  the  pumping  gas  engine  was  heard  on  every  side.  Twenty-one 
wells  were  producing,  eighteen  of  which  were  in  deep  pay.  Only 
one  dry  hole  had  been  bored,  and  the  best  well  started  at  320 
barrels.  Three  others  had  an  initial  output  of  300  barrels  each. 
A  record  of  the  No.  8  bore,  which  started  June  25  at  300  bar- 
rels, may  be  taken  as  an  average  of  the  lease,  and  showed  as  fol- 
lows : 

Ftet. 

Drive  pipe 103 

Casing  340 

Top  of  Ti-enton 922 

Total  deptli  1,208 

When  finished  thi?  bore  and  the  seven  preceding  made  850  bar- 
rels a  day  for  sonic  time.  The  new  wells  since  put  down  had  not 
kept  the  production  up  to  that  figure,  i.  e,,  the  production  fell  oflE 
faster  than  the  new  wells  could  add  to  it,  and  on  October  27  the 
21  producing  wells  were  yielding  a  total  of  600  barrels  per  day. 
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The  Utica  shale^  which  overlies  the  Trenton,  is  in  the  vicinity 
of  Smithfield,  about  200  feet  thick  and  light  brown  in  color.    The 
Hudson  River  shales  and  limestones  run  more  uniform  in  color  ^ 
and  texture  than  in  the  main  field.    About  Marion  they  are  said 
to  vary  from  light  to  dark  blue  every  25  or  30  feet. 

The  latest  and  one  of  the  best  so-called  pools  opened  up  in  lib- 
erty Township  in  1904  was  in  the  northeast  corner,  in  the  north- 
east quarter  of  section  11,  the  southeast  of  2  and  the  northwest 
'  of  1.  The  pool  also  includes  the  southwest  quarter  of  36,  Delaware 
Township.  The  Commonwealth  Jewel  and  Oil  Company  were 
operating  20  wells  in  the  southwest  of  36  and  northwest  of  1,  which 
were  making  1,200  barrels  per  day  the  last  of  October,  and  had 
produced  as  high  as  1,500  barrels.  The  James  Baughn  No.  1,  in 
the  southwest  of  36,  finished  July  13,  was  the  biggest  producer  in 
the  State  for  the  year.  It  is  said  to  have  started  at  800  barrels 
and  filled  40  250-barrel  tanks  the  first  two  weeks.  On  October  27 
it  was  yielding  about  50  barrels  per  day.  The  record  of  the  bore 
showed  as  follows : 

Feet. 

Drive  pipe   27 

Casing  325 

Top  of  Trenton 921 

First  on 1.181 

Total  depth  1,213 

From  the  time  the  first  oil  was  struck,  at  1,181  to  the  bottom, 
a  distance  of  32  feet,  the  drill  passed  through  a  very  porous  brown 
limestone  or  pay  streak.  No  shallow  or  top  pay  occurs  in  this 
part  of  the  township. 

From  the  office  of  the  Commonwealth  Jewel  Company,  on  the 
middle  of  the  south  line  of  section  36  (northeast  comer  of  Lib- 
erty Township),  or  near  Mt.  Pleasant  cemetery,  75  derricks  could 
be  counted  on  October  27,  all  of  which  had  been  erected  since 
June  17,  when  the  first  well  in  the  pool  came  in  on  the  M.  S. 
Thorpe  lease.  Most  of  the  drilling  has,  for  some  reason,  been  done 
on  the  lowlands  along  the  streams,  though  there  is  no  reason  for 
the  belief  that  such  locations  will  furnish  the  better  wells.  Much 
untested  territory,  which  will  eventually  prove  productive,  lies 
west  and  southwest  of  the  Mt.  Pleasant  pool. 

In  Randolph  County  the  main  developments  of  the  year  wer^ 
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in  Monroe  and  Stony  Creek  townships.  North  of  the  famous 
Cecil  pool,  near  Parker,  a  number  of  good  wells  were  drilled  in 
on  section  34  (21  N.,  11  E.)  and  on  3,  4  and  5  (20  K,  11  E.)- 
Section  28,  Stony  Creek  Township,  has  also  become  good  terri- 
tory, while  the  area  between  it  and  Parker  is  all  productive. 

The  importance  of  the  developments  in  the  Muncie-Parker- 
Selma  field  is  best  shown  by  the  following  table  of  production  by 
months  for  the  year,  the  output  for  October  being  nine  times  as 
great  as  for  January : 

NUMBER  OP  BARRELS  OP  OIL  PIPED  OR  SHIPPED  FROM  THE 
MUNCIE-PARKER-SBLMA  OIL  FIELD  IN  1904,  BY  MONTHS. 

January  42,835 

February 33,081 

March  40,869 

April »46,504 

May 73,162 

June   115.048 

July 176,624 

August 240,050 

September 311,008 

October    384,380 

November   366,173 

iiecember 382,302 

Total 2,202,126 

The  most  important  developments  of  the  year  1904  in  Jay 
County  were  in  sections  12,  13,  14,  16,  17,  20,  21,  23,  24,  26,  27, 
31,  32,  33  and  36,  Bear  Creek  Township;  in  sections  10,  13,  24 
and  28,  Richland  Township;  sections  5,  8,  17  and  32,  Wabash 
Township,  and  sections  3,  4  and  17,  Xoble  Township. 

In  Bear  Creek  Township  the  developments  of  greatest  import- 
ance were  in  sections  16,  17,  20,  21  and  33,  in  what  was  formerly 
considered  worthless  territory,  having  been  condemned  by  nu- 
merous dry  holes,  that  were  drilled  several  years  ago.  This  area 
now  furnishes  wells  that  have  an  initial  production  of  from  25  to 
100  barrels. 

The  developments  in  Richland  Township  were  in  the  deep  pay. 
The  oil  was  found  at  different  depths  in  Trenton,  varying  from  85 
to  415  feet.  On  two  farms  adjoining  are  wells  in  which  the  oil  pay 
is  found  at  five  differeht  depths  in  the  sand;  that  is^  each  well 
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yields  its  oil  from  a  different  horizon  from  that  of  its  neighboring 
well.  One  well  yields  from  the  top  or  shallow  pay,  15  to  20  feet  in 
Trenton.  A  second  well,  only  400  feet  distant,  is  producing  from 
300  feet  in  Trenton.  A  third  an  equal  distance  from  the  second, 
gets  its  oil  from  80-foot  pay,  a  fourth  from  156-foot  pay,  and  a 
fifth  from  415-foot  pay.  The  deeper  pay  wells  were  the  most  pro- 
lific producers  in  the  start,  some  of  them  yielding  from  200  to  460 
barrels. 

In  Wabash  To^^mship  some  especially  good  wells  were  finished 
in  section  17  and  four  fair  ones  in  section  32.  In  Noble  Township 
two  wells  were  completed  during  the  latter  part  of  the  year  in  sec- 
tion 17  which  opened  up  a  large  area  of  new  territory  that  prom- 
ises to  be  of  considerable  importance. 

In  section  19,  Greene  Township,  a  pair  of  fair  producers  were 
also  completed  late  in  the  year.  In  them  the  oil  pay  was  found  at 
a  depth  of  85  feet  in  Trenton,  the  initial  production  being  25  to  40 
barrels. 

Two  small  wells  were  also  drilled  in  sections  15  and  23,  Madi- 
son Township.  While  the  initial  output  was  small,  the  showing 
was  sufficient  to  warrant  further  drilling  in  that  vicinity.  These 
wells,  together  with  a  showing  of  oil  at  or  near  Saratoga,  Bandolph 
County,  indicate  the  possibility  of  an  extension  of  the  field  from 
Wabash  Township,  Jay  County,  southward  into  Randolph  County. 

In  Adams  Coimty  the  new  developments  were  in  sections  32  and 
36,  Wabash  Township  and  sections  27,  28^  33  and  34,  Jefferson 
ToAvnship.  The  wells  drilled  in  sections  28  and  34,  Jefferson 
Township  were  large  producers,  and  indicate  that  a  new  area  may 
become  productive  in  that  vicinity. 

In  most  of  the  isolated  areas  producing  Trenton  limestone  petro- 
leum in  the  State  the  production  gradually  fell  off,  and  was  less 
in  October,  which  is  considered  the  best  month  in  the  year,  than 
in  January. 

In  the  Alexandria  field  46  bores  were  sunk,  14  of  which  were 
dry,  while  the  average  initial  output  of  the  productive  wells  was 
but  11  barrels.    The  production  by  months  follows: 
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NUMBl^R  OF  BARBBLrS  OF  OIL  PIPBD  FROM  THE  AUSXANDRIA, 

INDIANA,  FIELD  IN  1904,  BY  MONTHS. 

January  19,706 

February 19,537 

March  ...    20,745 

April 21,639 

May 23,646 

June    29,207 

July 28,66Q 

August 28.012 

September 6,834 

October 6,071 

November   7,128 

December    5,446 

Total 216,636 

In  the  Peru-Rich  Valley  field  nine  bores  were  sunk  during  the 
year,  four  of  which  were  barren.  The  five  productive  ones  had  an 
average  initial  output  of  6^  barrels  each.  The  production  of  this 
pool  for  the  year  was  but  64,640  barrels,  distributed  among  the 
months  as  follows : 


NUMBER  OF  BABRBLS  OF  OILr  PIPED  FROM  PERU  AND   RICH 
VALLBT,  INDIANA,  OIL  FIELDS  IN  1904,  BT  MONTHS. 

January 4,564 

February 2,907 

March    3,903 

April 4,560 

May   4,061 

June 6,453 

July   4,988 

August 5,676 

September 6,374 

October 4,478 

November 5,241 

December   ^ 3,356 

Total 54^640 


I 


No  new  wells  were  drilled  in  the  Broad  Bipple  (Marion 
County)  field  and  the  production  dwindled  from  8,126  barrels  in 
1903  to  4,558  barrels,  distributed  among  the  months  as  follows: 
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January  .. 
Pebniary  . 

April 

May  

June 

July  

August  . . . 


October  . . . 
November  . 
December  . 

Total  .. 


STATISTICS  OF  THE  INDIANA  TRENTON 
TKOLEUM  INDUSTRY  FOR  1904. 

As  already  mentioned,  the  output  of  petioleum  fr 
ton  limestone  fields  of  Indiana  was  greater  in  1004 
previous  year.  This  was  due  largely  to  the  diacovfirj 
"deep  pay"  in  Delaware  County  and  the  consequent 
of  hundreds  of  new  wells  in  that  section,  A  second  1 1 
increased  production  was  the  fair  average  price  rece 
out  the  year.  New  wells  were  constantly  coming  ii 
old  ones  were  pumped  to  their  full  capacity.  Whei 
oil  falls  below  80  cents  the  operator  often  becomes 
and  stops  drilling.  Producing  wells  are  also  often  ; 
When  the  price  ranges  from  80  cents  to  $1.00  tt 
making  a  good  profit,  and  the  amount  of  production, 
field  has  not  reached  its  limit,  is  always  advanced. 

While  tlie  tendency  in  price  during  nearly  the  ei  i 
downward,  it  at  no  time  fell  below  05  cents.  Startii  i 
the  maximum  price  of  $1.31,  it  held  that  figure  u 
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was  paid  until  December  17,  when  another  decUne  began,  the 
price  at  the  close  of  the  year  being  96  cents.  The  average  price 
for  the  year,  taking  both  time  and  amount  received  into  consider- 
ation, was  $1.07^,  as  against  $1.14^  in  1908. 

The  total  production  of  Trenton  rock  oil  in  Indiana  in  1904  was 
11,281,030  barrels,  which,  at  the  average  price  of  $1.07^,  brought 
into  the  State  $12,127,107.  Compared  with  1903,  this  was  a  gain 
of  2,119,699  barrels,  or  21.3  per  cent.,  as  against  a  gain  of  21.6 
per  cent,  in  1903.  However,  on  account  of  the  lower  average 
price,  the  amount  received  by  the  producers  was  but  $1,669,448, 
or  15.9  per  cent.,  more  than  in  1903. 

The  first  of  the  following  tables  gives  a  complete  record  of  the 
monthly  production  of  petroleum  from  the  Trenton  limestone 
fields  of  Indiana  for  the  14  years  beginning  January  1,  1891,  and 
ending  December  31,  1904.  This  does  not  include  the  amount 
used  in  the  field  for  fuel  and  other  purposes,  or  that  wasted  by  the 
burning  of  tanks  or  the  leaking  of  pipes,  but  only  that  shipped 
or  piped  by  the  companies  who  purchase  the  oil  from  the  opera- 
tors. The  second  table  shows  the  annual  production,  the  average 
yearly  price  and  the  total  value  by  years  for  the  same  period. 
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From  the  first  of  the  above  tables  it  will  be  seen  that  the  largest 
production  of  Trenton  rock  petroleum  in  Indiana  in  any  one 
month  was  in  October,  1904,  when  1,139,000  barrels  were  brought 
to  the  surface.  The  total  production  of  Indiana  Trenton  rock  oil 
for  the  14  years  reached  the  enormous  sum  of  66,453,785  barrels, 
which  sold  for  $54,884,941,  or  an  average  of  $3,920,353  per  year. 

In  the  third  table  there  is  shown  the  number  of  wells  completed 
in  Indiana  by  months  from  June,  1891,  to  January,  1905 : 

in.    NUMBER  OF  WELLS  COMPLETED  IN  THE  INDIANA  TRENTON  LIMESTONE 

OIL  FIELDS  FROM  1891  TO  1905,  BY  MONTHS. 
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3,686 
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3,72* 

Tout . . . 

•••*.. 

20,699 

From  this  table  we  learn  that  but  38  more  bores  were  sunk  for 
oil  in  the  Trenton  rock  fields  of  Indiana  in  1904  than  in  the  pre- 
vious year.  In  1903  the  gain  over  1902  was  754.  Outside  of  Del- 
aware and  Randolph  counties,  the  great  majority  of  new  bores 
were  sunk  in  already  proven  territory  by  companies  whose  mem- 
bers were  content  to  sink  fair  producing  wells  and  develop  what 
oil  they  could  beneath  their  leases  rather  than  seek  far  and  wide 
for  new  territory  which  might  produce  a  "gusher." 

From  the  table  it  may  also  be  learned  that  up  to  January  1, 
1906,  20,699  bores  had  been  drilled  in  the.  Trenton  rock  fields  of 
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Indiana  for  oil  alone.  On  that  date  there  were  16,228  producing 
wells  in  the  fields,  as  against  12,098  on  January  1,  1904,  a  gain  of 
8,130  for  the  year.  By  subtraction  it  will  be  noted  that  of  the 
total  number  of  bores  sunk  for  oil  in  the  Trenton  rock  fields  of 
the  State  6,471  have  proven  dry,  or  have  been  abandoned  as  non- 
productive. The  number  abandoned  in  1904  was  211,  or  36  more 
than  in  1903,  while  the  number  of  dry  holes  drilled  during  the 
year  was  383,  or  seven  more  than  in  1903.  Of  the  total  number 
of  bores  sunk  in  1904,  10.2  per  cent,  were  dry,  this  percentage 
being  exactly  the  same  as  in  1903. 

On  October  15,  1904.  there  were  approximately  14,440  pro- 
ducing wells  in  the  Trenton  rock  fields  of  the  State.  The  produc- 
tion of  oil  for  the  entire  month  of  October  was  1,139,000  barrels, 
or  an  average  of  2.54  barrels  per  well  for  each  day  of  the  month. 
The  average  daily  output  in  October,  1903,  was  2.48  barrels  for 
each  productive  well.  This  shows  a  slight  gain  for  the  year,  due 
to  the  larger  production  of  the  deep  pay  wells  in  the  Selma-Parker 
field. 

Since  the  average  output  per  well  is  always  less  during  the 
winter  months  than  during  other  seasons,  the  average  for  the  year 
would  probably  be  about  2.4  barrels  per  well  per  day,  a  seemingly 
small  amount,  yet  totaling  more  than  11,260,000  barrels  for  the 
field  for  the  year  1904. 

These  figures  go  to  prove  that  the  days  of  the  gusher  are  praa^ 
tically  over  in  the  older  portions  of  the  main  field,  where  most  of 
the  bores  were  sunk.  It  is  better  for  the  practical  producer  that 
this  is  true.  A  well  starting  at  200  barrels  or  more  a  day  creates 
an  excitement  and  a  rush  for  territory  that,  in  the  ei^d,  proves 
harmful  to  all  concerned.  Large  bonuses  are  paid  out  ft4d  big 
risks  taken  which  are  foreign  to  territory  whose  wells  are  sn^al] 
but  sure  producers.  As  has  been  stated  in  my  former  imports,  one 
large  well  will  not  make  any  man  a  fortune;  twenty  small  ones 
may  in  time.  The  yield  of  the  large  producer  -v^ill  quickly  grow 
much  less ;  that  of  the  twenty  small  ones  will  hold  out  for  a  Jong 
time.  There  is  yet  room  for  thousands  of  wells  in  the  known  pro= 
ductive  territory.  At  present  prices,  eight  to  ten  wells,  pumped  by 
one  power  and  yielding  on  an  average  but  one  and  a  half  barrels 
each  per  day,  will  prove  a  paying  investment. 
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The  following  table  shows  the  number  of  producing  wella,  num- 
ber of  dry  holes,  total  bores  and  average  initial  production  of  wella 
drilled  in  each  of  the  Trenton  rock  oil  producing  counties  of  In- 
diana in  1903  and  1904 : 


From  the  table  it  will  be  seen  that  the  average  initial  produc- 
tion for  the  year  in  the  entire  field  gained  4,4  bairclaj  being  18.6 
barrels  per  well,  as  against  14.2  barrels  in  1903.  This  gain  was 
due  almost  wholly  to  the  high  initial -output  of  the  deep  pay  wells 
of  Delaware  and  Randolph  counties,  all  the  older  producing  coun- 
ties, except  Jay,  falling  oil  In  initial  production.  In  Delaware 
the  average  jumped  from  20.7  to  44.4  barrels,  while  in  Randolph 
there  was  but  a  slight  gain,  as  most  of  the  productive  bores  sunk 
in  that  county  in  1903  were  heavy  producers  at  the  start.  In  Jaj 
County  there  was  a  gain  of  3.7  barrels  per  well. 

The  table  gives  only  a  partial  idea  of  the  importance  of  the 
deep  pay  developments  in  Delaware  County.  The  number  of  pro- 
ductive bores  in  the  county  increased  from  74  to  831,  while  the 
percentage  of  dry  holes  dropped  from  3fl.3  to  12.7  per  cent.  Of 
the  72,152  barrels  increase  in  new  production  in  the  entire  field 
during  the  year,  Delaware  County  alone  furnished  36,877  barrels, 
or  more  than  50  per  cent. 

Grant  County  outranks  Delaware  in  the  number  of  bores  sunk 
during  the  year  and  in  the  lower  percentage  o£  dry  holes,  but  the 


wells  being  mostly  in  shallow  pey,  showed  only  about  one-fourth 
the  average  initial  production  of  those  of  Delaware.  Huntin^on 
again  leads  all  the  older  producing  counties,  with  an  average  ini- 
tial output  of  18.2  barrels,  while  its  percentage  of  dry  holes  was 
but  2.4.  A  bore  sunk  within  known  productive  limits  in  Hunt- 
ington County  is  almost  as  sure  a  venture  as  one  can  make  any- 
where in  the  United  States  in  the  oil  business.  Wells  County 
dropped  to  third  place  in  the  number  of  bores  sunk,  but  at  the 
same  time  decreased  its  percentage  of  dry  holes  from  5.4  to  i.9, 
ranking  next  to  Huntington  in  low  percentage.  From  a  careful 
study  of  the  table  one  can  learn  many  other  facts  regarding  the 
relative  importance  of  each  county  in  the  field. 

CoRNIFEROUS    RoCK    PeTEOLEUM. 

No  new  territory  producing  Comiferous  rock  petroleum  was 
opened  up  in  Indiana  in  1904.  The  two  wells  at  Terre  Haute  still 
continue  to  produce,  but  the  output  is  slowly  decreasing,  having 
fallen  from  13,940  barrels  in  1903  to  8,303  barrels  in  1904.  The 
greater  part  of  this  was  sold  to  local  consumers  at  an  average 
price  of  $1,25  per  barrel,  the  whole  amount  received  being 
$10,260. 

In  the  Jasper  County  field  9,800  barrels  of  heavy  Comiferoua 
petroleum  were  produced  during  the  year.  This,  at  the  average 
price  of  $1.10  per  barrel,  brought  $10,780.  In  September  the 
Indian  Asphalt  Company  ceased  to  purchase  it  at  their  refiner;? 
at  Asphaltum,  Jasper  County.  Richmond  Levering,  president  of 
the  company,  kindly  furnished  me  the  following  information  re- 
garding the  physical  and  chemical  properties-  of  the  Jasper 
County  product.  The  figures  "were  taken  from  actual  runs  made 
at  the  refinery  upon  a  large  scale." 

"Distillation  started  at  248°  F.  Thirty-eight  gravity  oil,  light 
yellow  in  color.  The  total  amount  of  distillates  obtained  when 
running  the  crude  down  to  asphalt  were  49  per  cent,  the  loss  was 
4  per  cent,  and  the  amount  of  asphalt  47  per  cent. 

AvrrMBt  aravitv  /lank,  Firt.  VUcoiilt. 

28.2  272°  302°  170 

26.4  292°  336°  310 

S4.8  312°  348°  310 

24.0  338°  3740  728 
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"The  viflcofiity  of  the  crude  at  90*^  Fahr.  is  1274;  gravity,  19.40 
B. ;  at  zero  the  crude  will  not  flow  through  the  viacosiiiietery 
although  its  chill  poii^t  caqnot  be  obtained  accurately,  as  there  is 
fto  parafEne  in  it." 

Huron  Sandstone  Petroleum. 

Petroleum  from  the  Huron  sandstone  is  now  produced  in  In- 
diana only  in  the  vicinity  of  Princeton,  Gibson  County.  A  num^ 
ber  of  wells  producing  oil  from  this  formation  were  pumped  from 
1900  to  1903  near  Loogootee,  Martin  County,  but  all  have  been 
abandoned,  the  output  for  1904  having  been  but  198  barrels, 
valued  at  $218. 

In  the  Princeton  field,  on  January  1,  1906,  there  were  45  wells 
producing  oil,  eight  yielding  gas  and  13  dry  holes.  Some  of  the 
latter  would  probably  yield  one  or  two  bctrrels  each  per  day  if 
pumped.  During  the  year  50  bores  were  sunk.  Of  these  the  ma- 
jority were  small  producers,  having  an  initial  output  of  about  five 
barrels.  The  top  of  the  oil-bearing  stratum,  which  is  a  bluish 
gray^  sharp-grained  sandstone,  is  found  at  an  average  depth  of 
890  feet  below  the  surface.  The  oil  is  found  at  about  40  feet 
below  the  top  of  this  ^^sand."  It  is  darker  and  thicker  than  that 
found  in  Trenton  limetftone,  registering  about  31^  Beaum6.  For 
a  long  time  the  Indiana  Pipe  Line  Company  paid  35  cents  lees  per 
barrel  for  it  than  for  the  Trenton  limestone  product,  but  on  Au- 
gust 15th  advanced  the  price  to  the  same  figure. 

The  Princeton  field  for  the  year  1904  produced  32,207  barrels, 
distributed  among  the  months  as  follows : 

• 

NUMBIQR  OF  BARRBLS   OF   OIL   PIPE?D  OB   SHIPPED   PROM 
PBINOBTON,  INDIANA.  FIELD  IN  1904.  BY  MONTHS. 

January 1,412 

February 1,399 

March   2,920 

April 1,319 

May  • 2,047 

June 2,315 

July   2,971 

August 2,991 

September 3.346 

October 3,093 

November   4,554 

December 8,841 

Total  82,207 
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The  output  of  the  Princeton  field  for  the  year  sold  for  $28,733, 
or  an  aterage  of  89.2  cents  per  barrel. 

Adding  to  the  output  of  the  Trenton  rock  petroleum  fields  that 
produced  by  the  Cornif  erous  limestone  at  Terre  Haute  and  in  the 
Jasper  County  field,  and  by  the  Huron  sandstone  at  Loc^ootee  and 
Princeton,  we  find  the  total  production  and  value  of  petroleum  in 
Indiana  in  1904  to  be  as  follows : 

BarreU.  V<due, 

Trenton  Rock  Oil 11,281,030  $12,127,107 

CJomlferous  Rock  Oil 18,103  21,040  ■ 

Huron  Rock  Oil 32,207  28,733 

Total    11,331,340  $12,176,880 
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Mblvillb  Thdrstoh  Oooe,  Ph.  D. 

Chief  of  tha  DepBrtment  of  Plant  Pklholocr  ■nd  EoonDmii  EnlomDloir  of  the  Itepablie  of 
Cubs:  Santisfo  da  lit*  Vtgu,  CdIu.  FormerlT  PrafeBioT  ot  Bioloir  in  DaPknw  UaWar- 
■ilj,  UreeDcutlt,  Indtaak. 

Some  years  ago  I  became  interested  in  the  study  of  gall  insects 
and  the  stnictures  produced  by  them.  Having  recently  moved 
from  the  State  I  present  this  brief  review  of  the  subject,  hoping 
that  some  one  will  be  sufficiently  interested  to  continue  the  work. 
I  have  also  collected  in  the  neighboring  States  of  Illinois  and  Ohio, 
and  fn>io  these  States  liave  a  number  of  galls  which  I  have  not 
collected  in  Indiana,  but  which  doubtless  occur  in  the  State. 

Not  only  have  a  number  of  known  species  been  overlooked,  but 
there  are  also  a  great  many  undescribed  species  which  will  de- 
mand the  attention  of  the  student-  The  morphology  and  physi- 
ology is  still  an  open  field,  but  probably  the  most  interesting  field 
will  be  the  rearing  and  studying  the  life  history  of  these  insects  in 
the  light  of  that  masterly  work  by  Dr.  Hermann  Adler  on  Alter- 
nating Generations.* 

However,  the  student  who  takes  up  this  work  must  expect  to 
meet  with  a  great  many  difficulties.  It  will  be  necessary  to  make 
careful  observations  and  experiments  through  several  seasons,  and 
the  problem  will  be  very  much  complicated  by  the  presence  of  nu- 
merous parasites  and  inquilines  which  in  many  cases  belong  to  the 
same  families  as  the  gall  makers. 

Abnormal  growths  on  plants  may  result  from  any  one  of  several 
causes;  'a  severe  mechanical  injury,  a  repeated  mechanical  injury 
or  a  chemical  stimulus  due  to  the  action  of  some  insect,  a  fungous 
growth,  the  combined  action  of  insect  and  fungus,  character  of 
soil  or  fertilizer,  or  from  unkno^vn  causes.  We  wish  at  this  time 
to  3T)eak  eapeciiillv  of  these  structures  produced  on  plants  by  in- 
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These  abnormal  groAvths  have  attracted  the  attention  of  the 
earliest  writers.  Redi,*  like  all  other  vitalists  of  his  time,  believed 
in  a  soul  in  each  plant  and  that  this  sonl  controlled  the  formation 
of  the  egg,  the  gall,  and  the  insect  and  determined  their  specific 
character. 

Malpighi,  a  physician  to  Innocent  XII,  professor  of  medicine 
at  Bologna,  and  later  at  Messina,  was  the  earliest  systematic  writer 
on  galls.  In  1686  he  published  his  "Do  Gallis,"  which  gave  very 
accurate  descriptions  of  the  galls  then  known  to  Italy. and  Sicily. 
He  believed  that  in  the  case  of  the  Cynips  at  least  the  insect  se- 
creted a  poison  which  excited  a  fermentation  in  the  acid  and  this 
resulted  in  the  formation  of  the  gall. 

Among  the  modem  European  writers  Hartig,  Ratzeburg,  La- 
caze-Duthiers,  Giraud,  Schenck,  Reinhard,  Taschenburg,  Schlech- 
tendal,  Wachti,  Forster,  Lichtenstein,  Adler,  Kieffer,  Rubsaamen, 
Beyerinck,  Straton,  Nalepa,  Mayr,  Cameron  and  Rothera  have 
added  to  our  knowledge  of  these  growths. 

In  America  the  pioneers  in  this  subject  were  Baron  0.  R.  Osten- 
Sacken,  Bassett,  Walsh,  Riley,  Fitch,  Shimer  and  Harris,  who 
have  done  most  of  the  work.  Among  the  modem  workers  who  have 
written  on  this  subject  are  Ashmead,  Beutenmiiller,  Pergande, 
Cockerell,  Garman  and  Gillette. 

Nearly  all  plants  are  subject  to  gall  formations  which  are  incited 
by  insects  representing  six  entirely  different  orders  as  follows: 
Arachnida  (Eriophyida  or  Phytoptidse),  Hemiptera  (Aphididce, 
PsyllidflB  and  CoccidflBf),  Diptera  (Cecidomyidse  and  Trypetidse), 
Coleoptera  (BupestidsB),  Lepidoptera  (Gelechidse),  and  Hymen- 
optera  (Cynipidae  and  Tenthredinidro). 


«  Born  A.  D.  1626. 

t  Up  to  the  preient  time  cocoid  galls  bare  been  reported  only  from  Aastralia  by  W.  W. 
Frocgatt  and  0.  Poller. 

The  writer  has  recently  foand  a  coccid  gall  prodaeer  on  the  Anones  and  figs  in  Cuba. 
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BIOLOGY  OF  GALL  PRODUCING  INSECTS. 

OHDEK-^  ARACHNID  A. 
FAMILY— BRIOPHYID^  (PHYTOPTID^). 
All  the  members  of  this  family  are  plant  feeders  and  many  of 
them  produce  gulls.  The  adult  mite  haa  four  legs  near  the  ante- 
rior part  of  the  body,  the  two  posterior  pairs  being  lacking  (Fig, 
1).  The  early  students  of  the  mite  galls  were  unable  to  see  the 
niit«8  and  therefore  supposed  the  galls  to  be  fungi.  The  mites 
pass  the  winter  within  the  buds  or  possibly  under  the  bark.  With 
the  coming  of  spring  they  attack  the  young  leaves  and  produce 
their  characteristic  galls  and  deposit  their  eggs.  The  new  genera- 
tion spreads  over  the  plant  and  produce*  new  galls  upon  the  young 


leaves  and  thus  one  generation  follows  another  until  tne  approadi 
oif  winter  makes  it  necessary  for  the  adults  to  hibernate. 

Certain  species  are  very  injurious  to  our  cultivated  plant». 
Amouig  the  most  important  is  Eriophyes  pyri  Schenten,  lie  pear 
leaf  blister  mite,  which  was  introduced  from  Europe  previous  to 
1870.  Like  mtlny  other  introduced  insects  they  are  more  injorious 
in  this  country  than  in  their  original  home.  It  is  widely  distrib- 
uted thiV>ughout.  the  pear  growing  r^ions  and  probably  exists  in 
Indiana,  although  I  have  not  collected  it  here,*  The  mitee  pass 
the  winter  in  the  buds  and  in  the  spring  attack  the  young  leaves, 
forming  red  blister-like  galls  about  one-fourth  inch  across,  which 
become  green  and  then  turn  brown. 
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Eriophyes  oleivorus  x\shmead,  attacks  the  oranges  and  lemons 
in  California  and  Florida.  It  causes  the  leaves  to  curl,  the  orange 
fruit  to  become  browii  and  the  lemon  fruit  to  b.ecome  silvery.  The 
oranges  tlius  affected  are  said  to  ship  better  than  unaffected  fruit 
and  although  not  so  pleasing  tx)  the  eye  are  said  to  be  more  juicy, 
They  are  frequently  sold  on  the  market  under  the  name  of  russet 
oranges. 

Another  European  Species  is  Eriophyes  phloecoptes  Nalepa 
(Cecidoptes  pnmi  Amerling),  which  produces  small  subspherical 
galls  at  the  base  of  the  buds  of  plum  trees. 

ORDER— HEMIPTERA. 

Two  families  of  this  order,  Aphididce  and  Psyllidas  produce 
galls  which  range  in  complexity  from  a  simple  leaf  curl  to  a  very 
high  degree  of  complexity. 

FAMILY— APHIDIDiE. 

This  is  the  family  of  the  plant  lice  (Fig.  2)  which  includes  a 
number  of  gall  makers.  They  are  small,  soft  bodied  insects  which 
suck  the  juices  of  plants  through  a  tubular  mouth.     There  are  a 


Fi9'^ 


large  numuer  of  species,  and  practically  all  kinds  ot  vogecation  are 
subject  to  their  attacks. 

The  various  species  differ  widely  in  their  development  and  the 
following  is  intended  merely  for  a  general  description.  The  first 
spring  brood  usually  comes  from  winter  eggs  and  is  known  as  the 
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wingless  agamic  brood.  This  brood  reproduces  rapidly  without 
males,  but  from  time  to  time  winged  agamic  individuals  appear 
and  fly  to  new  plants  and  form  new  colonies.  With  the  approach 
of  winter  a  sexual  generation  is  produced  in  which  the  males  may 
or  may  not  have  winga  but  the  females  are  always  wingless. 
These  females  are  impregnated  and  lay  the  winter  eggs  which 
produce  the  wingless  agamic  spring  brood. 

Among  the  most  injurious  is  the  grape  Phylloxera,  Phylloxera 
vasiatrix  Planchon  (Figs,  ifi,  47).  It  is  a  native  of  the  United 
States  east  of  the  Rocky  lifountains,  where  it  seldom  does  mudi 
damage.  It  was  introduced  into  France  previous  to  1863  upcm 
vines  from  America.  In  its  new  home  it  was  soon  recf^ized  as 
a.  serious  jiest  and  in  1884  about  2,500,000  acres,  or  more  than 
one-third  of  the  vineyards  of  Franco,  were  affected,  which  resulted 
in  great  loss.  It  was  afterwards  introduced  into  California,  prob- 
ably on  vines  from  France,  and  also  possibly  from  the  eastern 
United  States,  and  lias  proved  a  serious  peet.  It  has  four  well 
recognized  stages:  (1)  the  sexual  form,  consisting  of  a  single  fall 
generation;  (2)  the  leaf  gall  stage,  consisting  of  from  one  to  five 
generations;  (3)  the  root  gall  form,  consisting  of  several  genera- 
■  tions ;  (4)  the  winged  form,  which  is  a  single  summer  generation. 
The  leaf  gall  form  may  be  omitted. 

Schizoneura  lanigera  Hansen,  attacks  the  apples,  producing 
scars  on  the  branches  (Fig.  3a),  and  also  giills  on  the  roots  (Fig. 
3b).  It  is  very  conspicuous  because  of  the  woolly  excretions  (Fig. 
3c).    I  have  not  collected  this  gall  in  Indiana,  but  it  occurs  here. 
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Many  of  onr  forest  and  shade  trees  are  subject  to  attacks  from 
these  insects,  which  seriously  distort  them  and  reduce  their  vi- 
tality. 

FAMILY— PSYLLIDJE. 

The  gall  makers  of  this  family  are  very  similar  to  the  Aphididse, 

but  are  not  so  numerous.     They  are  especially  common  on  the 

hackberry  (Celtis  occidentalis),  but  are  also  found  on  some  other 

plants. 

OKDEE-DIPTEEA. 

Two  families  of  this  order  produce  galls,  the  Cecidomyidce  and 

the  TrypetidcB. 

FAMILY— OEOIDOMYID^. 

This  is  a  family  of  very  minute  and  delicate  insects  (Fig.  4) 
which  are  verv  numerous  and  which  cause  considerable  loss  of 


crops.     They  are  usually  oasily  recognized  by  the  larva?  usually 
being  red  or  orange  colored. 

FAMILY— TRYPETID^ . 

This  is  the  family  to  which  our  common  housefly  belongs  and  is 
represented  by  a  single  species  Trypeta  solidaginis  Fitch  (Fig. 
36),  which  produces  a  hard,  spherical  gall  on  our  ex)mmon  golden- 
rods  (Solidago  canadensis), 

ORDER- LEFT  DOPTEK  A. 

FAMILY— GELEOHIID^. 

The  only  gall  maker  of  this  ordi^r  that  T  have  foiuul  in  the  St^ite 
is  Gnorimoschcma  Galhvsolidarjinis  Riley,  which  produces  an 
elongated  hollow  gall  on  oar  c>ommoii  golden-rods  {Solidago  cana- 
densis) (Fig.  48),  but  is  of  no  economic  importance.  A  few  othei: 
species  of  this  order  produce  galls. 
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OEDER— COLEPTERA. 

FAMILY— BUPRESTID-^ . 

A  very  few  species  of  this  order  produce  galls.  One  Bpeciee^ 
Agrilus  nificollis  Fabr.,  is  very  destructive  to  the  raspberriee 
and  blackberries  in  certain  parts  of  the  United  States.  The  eggs 
are  deposited  in  the  canes  in  J  uly  or  August  and  soon  hatch ;  the 
larvsB  immediately  bore  into  the  sap  wood  and  cause  irregular 
elongated  galls  known  as  the  raspberry  gouty  gall.  The  winter  is 
passed  in  the  gall  and  the  adult  insect  emerges  in  June  or  July. 
It  is  frequently  known  as  the  '^red-necked  Agrilus"  because  of  the 
copper  colored  thorax  which  is  sharply  contrasted  with  the  black 
wing  cover. 

ORDER— HYMEXOPTERA. 

Two  families  of  this  order,  the  TenthredinidcB  and  the  Oyni- 
pidce  contain  a  large  number  of  gall  makers. 

FAMILY— TENTHREDINID^. 

Comparatively  few  species  of  this  family  produce  galls  and  I 
have  not  collected  any  of  them  in  Indiana,  although  I  have  col- 
lected them  in  Ohio.    They  are  most  abundant  on  the  willows. 

FAMILY— CYNIPID^. 

The  members  of  this  family  (Fig.  6)  produce  the  most  com- 
plex of  all  the  insect  galls.  However,  not  all  the  insects  of  this 
family  produce  galls ;  many  of  them  are  not  associated  with  galls. 


fi  9-  ^• 


while  others  are  parasites  or  inquilines  on  galls  produced  by  other 
members  of  this  f  arailv.  Thev  are  most  abundant  on  the  various 
species  of  the  oaks,  but  are  also  found  on  the  roses,  blackberries 
and  a  few  other  plants. 
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All  galls  contain  tannin,  and  in  the  past  have  been  important 
articles  of  commerce.  The  most  important  was  Cynips  tinctoria 
L.  of  Turkey,  which  was  extensively  used  and  is  now  occasionally 
used  in  medicine  as  an  astringent  in  the  treatment  of  chronic 
diarrhoea,  chronic  dysentery  and  in  poisoning  by  vegetable  alka- 
loids. It  has  also  been  extensively  used  in  the  manufacture  of  ink, 
but  is  now  almost  entirely  supplanted  by  other  methods. 

This  family  has  been  the  subject  of  some  very  interesting 
studies  on  alterations  of  generations.  In  1861  Baron  Osten- 
Sacken,  who  was  then  working  in  the  United  States,  advanced  the 
theory  that  the  so-called  agamous  species  were  sexual  but  that  the 
males  were  developed  from  diflFerent  galls.  This  theory  proved 
incorrect,  and  in  1vS64  Walsh,  an  American  entomologist,  claimed 
that  he  had  reared  from  what  appeared  to  be  exactly  similar  galls 
on  one  occasion  both  soxcs  of  Cynips  spongifica  and  at  another 
time  only  females,  but  that  these  females  were  Cynips  aciculata. 
These  obsen'^ations  were  undoubtedly  incorrect,  and  it  was  not 
until  1873,  after  Walsh's  death,  that  Bassett,  another  American, 
discovered  the  true  key  to  the  conditions.  Bassett  observed  great 
numbers  of  irregular  galls  on  the  petioles  and  midribs  of  Quercus 
bicolor,  and  that  in  June  both  males  and  females  emerge  from 
them.  Also  that  late  in  the  summer  an  entirely  different  shaped 
gall  was  formed  on  the  young  twigs  of  the  same  oak  and  that  from 
these  galls  females  only  emerged  the  following  spring.  As  a  result 
of  these  studies  Bassett  came  to  the  conclusion  that  the  sexual  gen- 
eration caused  galls  from  which  emerged  the  agamous  generation 
and  that  this  generation  caused  galls  from  which  emerged  the  sex- 
ual generation,  thus  giving  true  alternation  of  generations.  He 
furthermore  expressed  the  idea  that  it  was  probable  that  all  species 
of  Cynips  produced  two  generations  each  year. 

It,  however,  remained  for  Dr.  Hermann  Adler  of  Schleswig, 
Glermany,  to  actually  demonstrate  that  a  large  number  of  the 
Cynipidffi  did  produce  two  generations,  but  that  a  few  species  were 
strictly  parthenogenetic. 
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MORPHOLOGY  AND  EVOLUTION  OF  INSECT  GALLS. 

The  gall  producing  species  of  the  Arachnida,  Hemiptera  and 
Diptera  deposit  their  eggs  on  the  surface  of  the  plant  and  after 
hatching  the  larv«e  penetrate  the  tissues.  The  Hymenoptera  punc- 
ture the  tissues  and  deposit  their  eggs  within  the  plant.*  With  the 
exception  of  the  Tenthredinida3  there  is  no  change  in  the  plant  tis- 
sues until  the  hatching  of  the  larvse.  The  young  larvse  immedi- 
ately attack  the  young  and  growing  tissues  of  the  plant  and  the 
plant  immediately  responds  by  active  cell  division  which  results 
in  the  formation  of  a  gall. 

The  form  and  histological  charaxiters  of  the  gall  depends  upon 
the  order,  family  and  genus  to  which  the  insect  belongs  and  not 
upon  the  taxonomic  position  of  the  plant. 

In  the  Arachnida  we  find  the  simplest  form  of  a  gall  and  also 
galls  which  are  more  complex  than  the  simplest  Hemiptera  galls. 
The  simplest  Eriophyidjp  galls  consist  of  an  abnormal  production 
of  trichomes  (Fig.  (5),  among  which  the  minute  insects  liva    The 


second  type  is  that  represented  by  the  Erineum  anomalumf  (Fig. 
50)  on  the  walnut;  in  this  case  we  have  a  thickening  of  the  tissues 
resulting  in  the  bending  of  the  petiole  or  vein  of  the  leaf  and  the 
excessive  production  of  trichomes  over  the  surface.  The  third  and 
most  complex  type  is  represented  by  the  formation  of  a  cavity  lined 
with  trichomes  (Fig.  7)  as  in  the  case  of  Eriophyes  ulmi,  E.  ah- 
normis,  E.  qiiadripes,  E.  acericola. 

In  all  cases  the  cells  of  the  plant  lose  their  normal  character,  are 
more  numerous,  smaller,  more  compact,  and  can  be  separated  by  a 
more  or  less  definite  boundary  into  two  zones ;  an  inner  nutritive 
zone  of  very  small  cells  which  are  very  rich  in  protoplasm,  and 
an  outer  protective  zone  of  larger  cells  which  contain  less  proto- 
plasm but  considerable  quantities  of  tanin. 

The  Hemipterous  galls  range  from  a  very  simple  leaf  curl  to  the 

*  The  method  of  deposition  of  eggs  by  g»ll  making  Coleoptera  and  Lepidoptera  is  still 
an  unsettled  question. 

t  Probably  Acarns  canlis  Walsh. 
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very  complex  PBvllidse  galls,  whidi  are  more  complex  than  most 
of  the  Dipterous  galla.  The  first  type  of  Hemipterous  gall  is 
repreaented  by  SckizoTieuTa  Ameiicana  in  which  we  have  a  wrink- 
ling and*  curling  of  the  leaf.  As  in  the  case  of  the  Erioj^yidse 
galls,  the  normal  structure  of  the  leaf  is  lost,  the  cells  are  smaller, 


more  numerous  and  less  compact  and  can  be  separated  into  two  in- 
distitict  zones,  the  nutritive  and  the  protective. 

In  the  second  type  we  have  the  formation  of  a  pouch  of  a  definite 
shape  (Fig,  40).  The  cells  show  the  same  general  morphological 
character  as  the  preceding,  except  that  the  cells  are  elongated  in  the 
direction  oi  the  long  a.icia  of  the  gall.  Such  galls  are  also  well 
provided  with  fibro-vaacular  tissues. 

The  third  and  moat  complex  type  is  found  in  Pachysylla 
eeltidis-mammcB  (Figs.  8,  37).    In  this  gall  we  have  a  greater  dif- 
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f erentiation  of  cells  resulting  in  the  formation  of  sclrenchTma  cells 
for  the  protection  of  the  insect. 

Among  the  Dipterous  insects  the  meet  conspicuous  gall  makers 
belong  to  the  Cecidomyidse,  These  galls  are  so  varied  in  character 
that  it  is  difficult  to  divide  them  into  groups  with  distinct  types. 
However,  the  same  general  characters  as  those  just  referred  to  are 
more  or  lees  well  defined.  If  the  larvse  does  not  penetrate  the 
tissues  as  in  the  case  of  Cecidomyia  gleditschice  (Fig.  32)  the  cells 
become  elongated  from  the  midrib  to  the  margin  of  the  leaf,  i.  e., 
parallel  to  the  surface  of  the  gall  except  near  the  margin,  where 
they  are  irregular.  If  the  larvte  penetrate  the  tissues  as  in  the 
case  of  Cecidomyia  verrucicola  the  mesophyll  is  at  first  removed. 
As  the  gall  increases  in  size  the  inner  layer  of  cells  divide  rapidlj 
and  gradually  reduce  the  size  of  the  larval  chamber. 

The  Coleopterous  and  Lepidopterous  galls  have  not  been  so 
thoroughly  studied,  and  I  am  unable  at  this  time  to  give  any  satis- 
factory discussion  of  their  development 

The  Hymenopterous  galls,  especially  the  Cynipidae,  present  the 
most  complex  structures  and  the  most  complete  line  of  evolutionary 
development.-  The  simplest  of  these  galls  show  the  same  general 
characters  as  the  galls  previously  referred  to,  i.  a,  (1)  an  increase 
in  number  of  cells  which  are  smaller  and  more  compact  than  the 
original  meeophyll,  and  a  loss  of  the  palisade  cells;  (2)  separation 
into  two  more  or  less  well  defined  zones. 

The  second  type  is  well  illustrated  by  Callirhytis  tumifica  (Fig. 
9a),  in  which  case  we  have  four  rather  poorly  defined  zones;  an 


inner  zone  of  nutritive  cells  which   are  rich  in   protoplasm,   a 
second  zone  of  small  cells  corresponding  to  the  protective  zones  of 
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the  more  complex  galls,  but  without  the  formation  of  sderen- 
chyma,  a  third  rery  thick  zone  of  parenchyma  cells  and  a  fourth  or 
outer  epidermal  zone. 

The  third  tyj'e  is  illustrated  by  Amphiholips  inanis  (Figs.  9b, 
17)  in  whidi  the  four  zones  fire  well  defined;  the  second  zone  de- 
veloped into  well  defined  Ecleroncbyma ;  the  third  zone  separated  so 
that  a  few  cells  cling  to  the  sflorencbyma,  but  tlie  greater  part  re- 
main attached  to  the  epidermis  and  the  two  parts  connected  by 


Pig.  9b. 
fibro-vascular  bundles.  The  larval  chamber  is  thus  surrounded  by 
a  nutritive  zone  which  is  enclosed  by  a  aclerenchyma  zone  which  ia 
in  turn  surrounded  by  a  small  amount  of  parenchyma,  which  ia 
connected  with  an  outer  wall  of  parenchyma  and  epidermis  by 
means  of  fibro-vascular  bundlee. 

The  fourth  type  may  be  illustrated  by  Callirhytis  papUltUua 
which  is  similar  to  the  preceding,  except  that  the  larval  chambera 
(two  or  three  in  this  species)  are  suspended  by  single  elongated 
cells. 

The  fifth  type  may  be  illustrated  by  Biorliiza  forticomis  CFigB. 


9c,  26),  in  which  the  four  zones  are  present,  but  the  separation 
into  inner  and  outer  walls  occurs  on  one  side  only. 
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The  sixth  type  may  be  illustrated  by  Amphibolips  confluentus 
(Fig.  16),  in  which  the  four  zones  may  be  recognized,  but  in 
which  the  space  between  the  inner  and  outer  walls  is  bridged  by  a 
mixture  of  fibre-vascular  bundles  and  long  filamentous  cells. 

The  seventh  type  may  be  illustrated  by  Dryophanta  pcdiistris 
(Fig.  22)  in  which  we  have  the  four  well  defined  zones  but  the 
inner  wall  is  entirely  separated  from  the  outer,  leaving  a  small 
body  rolling  freely  within  the  large  hollow  sphere  which  is  thus 
formed  by  the  outer  wall. 

The  origin  of  these  various  forms  and  degrees  of  complexity  is 
still  an  obscure  problem  which  becomes  more  difiicult  by  the  intro- 
duction of  three  primary  factors.  In  our  consideration  of  prob- 
lems of  natural  selection  we  ordinarily  consider  two  primary  fac- 
tors, the  organism  and  its  environment.  The  environmental  factor 
may  include,  and  in  fact  usually  does  include,  several  factors,  such 
as  climatic  conditions  and  other  organisms.  In  the  study  of  galls, 
however,  we  have  three  primary  factors  as  follows:  (1)  The 
gall  producer,  which  is  endeavoring  to  secure  food  and  to  provide 
defense  against  its  many  enemies,  especially  parasites;  (2)  the 
host  plant,  which  is  endeavoring  to  withstand  the  injury  produced 
by  the  gall  maker;  (»3)  the  enemies  of  the  gall  maker,  primarily 
parasites,  inquilines  and  occasionally  small  animals  which  may 
feed  upon  the  galls. 

Adler  states  that  certain  European  galls  produce  secretions 
which  are  attractive  to  ants  and  that  these  ants  defend  the  gall 
from  parasites.  Also,  that  secretions  are  frequently  produced  on 
tufts  of  long  hair  among  which  the  parasites  become  entangled. 
These  methods  do  not  seem  to  be  of  much  importance  among  our 
native  galls. 

He  also  states  that  the  thick  parenchyma  zone,  the  dense  scler- 
enchyma  tissue  of  the  protective  zone,  the  large  size  of  the  gall, 
and  the  hollow  sphere  with  the  larval  chamber  suspended  in  the 
center  are  all  protective  devices  which  make  it  difficult  for  the 
parasites  to  reach  the  lan'a?.  These  methods  of  protection  are  very 
common  in  our  American  Cynipidous  galls,  and  I  am  unable  to 
explain  their  origin  from  any  other  cause.  The  Callirhytis  tumi- 
fica,  Amphibolips  sculpta,  Holcaspis  globulus  and  Amphibolips 
prunus  illustrate  the  thickening  of  tjie  parenchyma  zone;  Andricus 
petiolicola  and  Acraspis  crinacei  illustrate  the  thickening  of  the 
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protective  or  soleroncliyma  zone;  Amphibolips  confluentus  illus- 
trates the  large  size;  AmphihoVips  iyianis  and  Uolcaspis  cenlrwola 
illustrate  the  suspension  of  the  lar\"al  cliaTnl)er  in  the  center  of  a 
hollow  sphere;  and  DnjojJianta  palusfris  illustrates  a  still  more 
highly  d(n'elo])ed  tyye  by  the  formation  of  a  free  rolling  larval 
chamber  within  a  hollow  s])here. 

Adler  also  speaks  of  the  furmation  of  tannin,  disagivoable  o<lor, 
etc,,  as  being  protection  against  bir<ls  and  other  small  animals; 
and  the  same  may  k*  s  lid  of  our  native  American  galls. 

One  might  readily  accept  the  idea  that  the  "law  of  natural 
selection"  would  .levelop  the  two  primary  factors,  the  organism 
and  its  enemies,  the  one  to  defend  and  the  other  to  attack.  How- 
ever, it  is  not  easy  to  understand  just  why  a  plant  should  develop 
a  gall  for  the  protection  of  the  gall  maker,  which  is  undoubtedly 
the  enemy  of  the  plant.  It  may  be  tliat  each  species  of  gall  pro- 
ducing ins(»cts  gives  a  slightly  diiferent  slinudus  or  stimulates 
slightly  different  tissues,  and  that  this  results  in  galls  of  different 
character.  However,  gi'antlng  that  there  is  a  slightly  different 
stimulus  in  each  species,  we  ^an  then  understaud  how  a  simple 
gall  might  have  develo]>ed  com])lexity  which  would  be  protective 
to  the  inswt ;  i.  e.,  any  variation  in  the  stimulus  resulting  in  a 
variation  in  the  gull  which  wonld  be  beneficial  to  the  insect  would 
probably  be  perpuat(Ml  in  the  ne^\t  generation,  while  a  variation  in 
stiuuilus  rcsnlting  in  a  variation  in  the  gall  which  would  not  Ix? 
b^'ueficiaJ,  or  would  l)e  injurious,  would  be  less  likely  to  be  per- 
petuated in  the  next  generati<Mi.  (Continued  variation  in  stimulus, 
resulting  in  variations  in  galls  might  eventually  result  in  the  for- 
mation of  a  gall  of  great  complexity. 

From  the  preceding  obsen'ations  it  appears  that  in  the  evolution 
of  the  gall  there  are  really  l>ut  two  primary'  factors,  (1)  the  insect 
stniggling  to  secure  f(H>d  and  <lefend  itself  and,  (2)  its  many 
enemies,  also  struggling  to  secure  foo<l  and  thus  perpetuate  their 
kind.  The  host  plant  is  im])ortant  only  in  so  far  as  it  furnishes 
moi'e  or  lass  suitable  c<m(litions  for  the  insect  gall  maker.  How- 
ever, it  presents  another  prol)lem  in  that  it  must  in  a  greater  or 
less  degree  develop  a  certain  power  of  resistance  against  the  gall 
maker. 

The  gall  making  habit  must  have  originated  independently  not 
only  in  each  of  the  orders,  but  also  in  each  of  the  families  repre- 
sented. Tn  other  words,  must  have  arisen  independently  in  at 
least  eleven  different  points  in  the  insect  world. 
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CAUSES  INDUaNG  GALL  FORMATION* 

Many  theories  have  been  advanced  as  to  the  existing  factors  in 
the  formation  of  the  gall,  but  up  to  the  present  time  the  evidence 
leads  us  to  believe  that,  with  the  exception  of  the  TenthredinidcB, 
the  stimulus  is  mechanical  rather  than  chemical. 

When  the  egg  is  placed  witliin  the  tissues  it  is  necessary  that 
it  be  so  placed  that  the  larva  begin  feeding  upon  the  formative 
cells  (Cambium  zone)  in  order  that  a  gall  may  be  produced,  and 
it  is  probably  necessary  for  the  laiTje  of  those  insects  which  deposit 
their  eggs  upon  the  surface  to  stimulate  the  formation  of  cells 
in  order  that  a  gall  may  be  produced.  U\)  to  the  present  time  the 
observations  and  studies  of  other  writers  as  well  as  my  own  lead 
me  to  believe  that,  with  the  exception  of  the  Tenthredinidse,  the 
stimulus  is  purely  mechanical.  Adler  in  his  studies  upon  Nematus 
Vallisnieriij  which  produces  a  gall  upon  Salix  amygdalitia  and 
Beyerinck  in  his  studies  of  Nematus  coprea,  w^hich  also  produces 
a  gall  upon  S,  amygdalinaj  came  to  the  conclusion  that  the  gall 
was  produced  as  the  result  of  a  secretion  by  the  parent  at  the  time 
of  depositing  the  eggs.  This  seems  evident  since,  according  to 
their  observations,  the  gall  commenced  before  the  hatching  of  the 
larvse. 

Many  of  the  Cynipida?  also  secrete  a  liquid  at  the  time  of  de- 
positing the  egg,  but  this  does  not  seem  to  stimulate  gall  formation 
because  it  is  evident  that  there  is  no  increase  in  cell  formation 
until  the  lan'a  emerges  from  the  egg.  However,  it  may  be  possi- 
ble tliat  the  lan^a  produces  certain  secretions  or  that  certain  ex- 
crements given  off  by  it  acts  as  stimuli  upon  the  formative  cells 
of  the  plant.  Mr.  W.  A.  Cannon  in  discussing  a  Cecidomyid  gall 
on  the  Monterey  pine  (California)  says  that  the  "larvee  take  tlieir 
food  only  by  absorption  through  the  surface  of  the  body,"  also 
that  **there  is  no  indication  that  the  hypertrophy  is  either  caused 
or  affected  by  any  substance  deposited  with  the  eggs." 

INDIANA  GALLS, 

This  catalogue  gives  descriptions  of  GO  species  of  gall  producing 
insects  representing  25  genera  and  five  orders  of  insects  (includ- 
ing Arachnida).  The  host  plants  represent  ten  orders,  fourteen 
families  and  nineteen  genera,  as  follows : 
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Orders,  Families.  Genera. 

8»»*<»l« 8alicace« {lopnluB. 

{Hicoria. 
Jnglans. 
QnercDS. 

Urticales  Ulmacese  {uim^ 

^  Hamamelidacete  Hamamelis. 

Rosalea I  Ro8ace» {Rubns. 

CaesalpinaceaB Gleditsia. 

tDmpacete Prunns. 

a.^i„  j„i^„  i  Aoeraceae  Acer. 

^P'''^*^^^    i  Anacardiacese Rhus. 

Rhamnales Vitacete Vitis. 

Malvales TiliacesB  Tilia. 

Gentianales Oleacese Fraxanns. 

Oampanulales   Gompositee Solidago. 

Umbellales Gomaceaa Cornns. 

(The  synonymy  and  bibliogra})liy  for  the  following  sj)0(mos  is 
fairly  complete,  exee})t  for  the  family  Eriophyida*). 

HYMEXOPTERA. 

0YNIPID.5J:. 
RHODITES  BICOLOR  Harris.    Fig.  10. 

Cynips  bicolor — 

T.  W.  Harris,  Treat.  Insects  Mass.,  1841,  p.  399. 
Osten-Sacken,  Stettin.  Entom.  Zeitg.  XXII,  1861,  p.  415. 
T.  W.  Harris,  Insects  Mass.,  3(1  Ed.,  18G2,  p.  548. 

Rhodites  bicolor — 

Osten-Sacken,  Proc.  Entom.  Sue.  Philadelphia  II,  1803,  pp. 

43  and  48. 
Eiley,  Amer.  Entomol.  and  Botan.  TI,  1870,  p.  309. 
Provancher,  Addit.  faun.  Canada,  Hymen,  1886,  p.  160. 
Ashmead,  Bull.  I  Colo.  Biol.  Assoc.,  p.  38,  1890. 
Bassett,  Trans.  Amer.  Ent.  Soc.  1890,  p.  63. 
Beutenmiiller,  Cat.  of  Gall  Insects,  1892,  p.  246. 
Beutenmiiller,  Amer.  Mus.  Jour.  Vol.  IV,  No.  4,  p.  G,  1904. 
Gillette,  Ent.  News,  Vol.  Ill,  p.  246, 1892. 

This  is  a  spherical  monothalamons  gall,  about  %  to  Y^  i^ch 
in  diameter.    It  is  covero<l  with  a  great  many  long  slender  spines. 
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Fig.  10. 

Tti  the  summer  it  is  jellowisli  green,  frequently  tinged  with  red. 
It  is  formed  singly  or  in  nlust«rs  from  the  leaves,  which  are  fre- 
quently completely  utilized  in  its  formation.  It  persists  on  the 
twigs  througliout  the  winter.  Common  on  many  species  of  the 
wild  rose.  Has  wide  distribution  throughout  the  United  States 
and  Canada. 
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Rkodiies  radicnm — 

Osten-Sackpii,  Proe.  Entoin.  Soc.  Phil.  II,  1803,  p.  42  imd  ^« 
Riley,  Ist  Ann.  Rep.  Insects  of  Missouri,  1869,  p.  13. 
Riley,  Amer.  Entomol.  and  Botan.  TI,  1870,  p.  181. 
Riley,  Ins.  Inj.  Veg.,  p.  304,  1883. 
Ashmead,  Bull.  I,  Colo.  Biol.  Assoc.,  p.  38, 1890. 
Bassett,  Trans.  Amer.  Ent.  Soc  1890,  p.  62. 
Webster,  Ohio  Agri.  Es.  Station.  Bull.  45,  1892. 
Eeutenmiiller,  Cat.  of  Gall  Insects,  1892,  p.  246. 
Beutenmiiller,  Amer,  Mus.  Jour.  Vol,  TV,  No.  4,  1904,  p.  C. 
Gillette,  Ent.  News,  Vol.  TIT,  p.  24fi,  181)2. 
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Fig.  11. 

A  largp,  invciilar,  sinootli,  roddiah  brown  pf)lytliaIainona  gall, 
froqnciitly  two  inches  in  diameter,  siirrouiiding  flic  root  of  the 
wild  rose,  witli  n  deep  deproasion  liotli  above  aaid  below  at  its  ijlaoe 
of  attacliiiieiif.  Coinnion  in  many  States.  A  single  Indiana  speci- 
men was  sent  to  me  by  Jfr.  F.  (\  Senoiir,  of  Xow  Augusta,  In- 
diana, collected  on  Rosa  earolinn  L. 

RHODITBJt  GLOBCLdS  BeiKeumiiller.    Fl^.  12. 

Rhodites  f/hbuhis — 

Bentcnmiiller,  Cat.  of  Gall  Insects,  1892,  p.  247. 
Uontenmiiller,  Amor.  ilus.  Jonr.  Vol.  IV,  No.  4,  1!>04,  p.  7. 

This  gall  is  smooth,  polytbalamons,  spherical  or  oblong,  encir- 
elea  the  branch  of  onr  Ifosa  caroflna.  About  =J4  i"cl'  ^o  IV'a  inches 
in  diameter.  Can  be  readily  distinguished  from  Rliodites  radi- 
enm  by  its  being  on  the  t^vigs  instead  of  on  the  roots,  mncli  smaller, 
and  by  the  fact  that  it  is  not  dcjiressed  at  the  points  of  its  contact 
with  the  stem.     Only  prcvions  recoi-d  fi-om  Kew  York.* 

*Prabitb1r<i<icribi!d  bj  Oitan-Suken  In  Proo.  Ent.  Sop.  Phil.  Vol.  11.,  p.  42. 
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Fig.  18. 

BHODITBS  DICHLOCERDS  Harris.    Fig.  18. 

Cyiiipn  dirldocerufi — 

T.  W.  Harris,  Tn'iif.  rns.-ct.s  ifass.,  1S41,  p.  300. 
Oston-Siickcn,  Sft'Uiti.  Ent.im.  Zcitg.  XXH,  1861,  p.  415. 
T.  \\.  irarris,  Trrat.  liiscH-t.  Mass.,  U  Ed,  lSfi2,  j).  54!). 


Itkodites  iHrhlnccnta — 

Osteii-Siickoii,  Pr(«\  Entoin.  Soo.  I'liil.  1 1, 1863,  p.  42  and  46. 

Ashiiioud,  Trails.  Auut.  Ent.  S-k-.  Vul  XIV,  1SS7,  p.  148. 

UcutciiiiHillcr,  Caf.  of  (i.ill  Tnpccts,  18!)2,  p.  247. 

Ifcilteiimiiller,  Aitier.  JIiis,  Jour.  Vol.  IV,  No,  4,  p.  7. 
This  j;all  ia  an  oloupitod,  sjiiinllc-sliaiK.il,  wtMxly  swelling  of  the 
sfciTifl,  alHMit  1  to  lUj  iiiclies  in  lonj^tli,    Oomition  on  Ilosa  Carolina 
in  many  States. 
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DIASTROPHVS  OOSOlTTf  FORHIS  0*t«n-S>pken.    PIf  14. 

Diastrophus  cuscutcBformis — 

Osten-Sacken,  Proc.  Ent.  Sno.  Phil.  Vol.  TI,  pp.  39,  45. 
Webster,  Ohio  Agri.  Ex.  Stat.  Bull.  45, 1892,  p.  156. 
Beuteniniiller,  Cat.  of  GrII  Insects,  1892,  p.  249. 
Eeutenmiiller,  Amer.  Miis.  Jour.  Vol.  IV,  No.  4,  p.  9,  1904, 


Small,  globular,  numothalainons,  »\eva  ^a\X  provided  with  ohp  or 
more  spines.  Usually  in  groups  and  closelj  pressed  together.  .\ 
single  specimen  on  linhu-i  rillomis  collet'tod  in  Steulien  County  l>v 
Prof.  W.  A.  Kolloniiiin,  of  the  Ohio  State  University.  KnowTi  to 
oconr  in  New  York  and  ilarylnnd. 


DIA8TROPHV8  NBBVLOSIIi  OcleD-Sackcn.    FlK.  lSB,b. 

Cynips  ( Diastroph\ii>? )  nehiilosus — 

Osten-Saeken,  Stettin.  Kntom.  Zeifg.  XXIt,  1861,  p.  415. 

Diastrophiis  nebulosus — 

Osten-Saeken,  Proc.  Ent.  Soc.  Phil.  Vol.  II,  1863,  p.  36. 
Eiley,  Amer.  Ent  Vol.  IT,  1870,  p.  159-160. 
Fuller,  Amer.  Ent  Vol.  Ill,  1880,  p.  63. 
Provancher,  Natural,  Canad.  XII,  1881,  p.  235. 
Provancher,  Faun,  entom.  Canada,  Hymen,  1883,  p,  550. 
Ashraead,  Trans.  Amer.  Ent.  Soc.  Vol.  XIV,  1887,  p.  148. 
Saunders,  Ins.  Inj.  to  Fmit,  p.  318. 
Webster,  Ohio  Agri.  Ex.  Stat.  Hull.  45,  1892,  p.  157. 
Sloeaon,  Ent  News,  Vol.  VTII,  p.  237,  1897, 
Beutenmuller,  Cat.  of  Gall  Insects,  1892,  p.  249. 
Beutaimiiller,  Amer.  Mus.  Jour.  Vol.  IV,  No.  4,  1904,  p,  9. 
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Fig.  15a. 

A  very  large,  oblong,  polytlialamoiis,  stem  gall  with  deep  longi- 
tudinal grooves,  1  to  3  inches  in  length,  and  1  to  V/a  inchee  in 
dinmetor.  A  dark  green,  gradually  l)€coming  reddish  brown  with 
the  approach  of  spring.  The  insect  emea-gee  in  the  spring  of  the 
year  following  the  formation  of  the  gall.  Common  on  Rttbus 
villosus. 


Ro/ri. 
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Ani>HlB01.IPS  CONFLVBNTCS  Harris.    FlK>  >«■ 

Cynips  conflnenlus- — 

HarriB,  Rep.  Ins.  Tnj.  \^ct  1st  Etl,  1S41,  p.  307. 

Harris,  Rep.  Tna.  Inj.  Vogoh  2d  E<I.,  IS.'iS,  p.  433. 

Karris',  Rep.  Tnsi.  Iiij.  Vegot.  ^<1  E«].,  lS(i2,  p.  5-16. 

Oston-Siieken,  Pi-oc.  Ent.  Soc.  Phil.  Vol.  I,  ji.  f>3. 

Walsh,  Proc.  Ent.  Soc.  Phil.  Vol.  IT,  p.  481. 
Cynips  aciculata — 

Osten-Sacken,  PrcH?.  Eiif.  Soc.  Phil.  Vol.  I,  pp.  56  and  24:5. 

Osten-Sncken,  Proo.  Ent.  Roc.  Phil.  Vol.  IV,  p.  354. 

Walsh,  Proc.  Ent.  Soc.  Phil.  Vol.  H,  pp.  443,  4(!:J,  4S1. 

AValsli,  Am.  Ent.  Vol.  II,  p.  330. 

WaJsh  &  Riley,  Am.  Ent.  Vol.  T.  p.  103. 


Fig.  16. 
Cynips  coccineee — 

Osten-Sacken,  Proe.  Ent.  Soc.  Phil.  Vol.  I,  pp.  243,  24S. 

Ost<?n-Sneken,  Proe.  Ent.  Soc.  Phil.  Vol  IV,  p,  354. 

Walsh,  Proe.  Ent.  Soc.  Phil.  Vol.  IT,  p.  4S1. 
Ampliiholips  coccinea- — 

Aslmicad,  Trans.  Am.  Ent.  Soc.  Vol.  XII,  p.  294. 

Packard,  5th  Rep.  U.  S.  Ent.  Com.,  p.  104. 
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Cynips  sponqifica — 

Osten-Saken,  Proc.  Ent.  Soc.  Phil.  Vol.  T,  pp.  244,  248. 
Ostcn-Sakcn,  Proo.  Ent.  Proo.  Soo.  Phil.  Vol.  IV,  p.  347. 
Walsh,  Proc.  Ent.  Soc.  Phil.  Vol.  II,  p.  443,  452. 
Walsh,  Am.  Ent.  Vol.  11,  p.  330. 
Walsh  &  Riley,  Am.  Ent.  Vol.  I,  p.  103. 

.t  ynph  iholips  sponqifica — 

Ashmead,  Trans.  Am.  Ent.  Soc.  Vol.  XI  I,  p.  21)4. 
Gillette,  27th  ]Mich.  Agri.  Kcp.,  1888. 
Packard,  5th  Kep.  U.  S.  Ent.  Com.,  p.  104. 

Ainpli iholips  confiucntus — 

Beutonmiiller,  Cat.  of  Gall  Insw.ts,  181)2,  p.  250. 
Bentenmiiller,  Amer.  ilus.  Jonr.  Vol.  IV,  No.  4,  1904,  p.  10. 

This  is  a  spherical,  smooth-leaf  gall  with  thin  wall.  Inside 
it  is  filled  with  a  spongy  substance,  in  the  center  of  which  is  a 
dense  walled  chamlx^r  eontiuning  a  single  large  larva.  This  gall 
is  1  to  2  inches  in  diameter  and  of  a  pale  green  color.  Late  in 
the  season  it  becomes  l)rown  and  is  very  dry  and  brittle.  This 
species  presents  a  g(xxl  example  of  dimorphism.  Osten-Sacken 
des(^.ribes  both  male  and  female  coming  from  these  galls  in  June. 
These  iie  calls  Cynips  (Ampliibolips)  spongifica.  He  also  de- 
scribes a  later  brood  of  females  only  coming  foi'th  in  October  or 
the  following  spring,  and  tlu^se  he  named  Cynips  (Amphibolips) 
acadatn.  l^ut  P).  I).  Walsh  demonstrated  that  the  second  brood 
was  merelv  a  brood  of  polymorphic  females.  This  species  occurs 
on  Qucrciis  tinvtoria,  Q,  rubra,  Q.  coccivea,  and  Q.  nigra. 

AHIPHIBOLIPS  INAMIS  Osten-Sacken.    Flff.  17. 

Callaspida  confiuens — 

Eitch,  5th  IJep.  N^ox.  Ins.  Trans.  N.  Y.  State  Agri..  Soc., 
1858,  p.  817. 

Cynips  inanis — 

Osten-Sacken,  Proc.  Entom.  Sck».  Phil.  I,  p.  58. 

Osten-Sacken,  Prcx*.  Entom.  Soc.  Phil.  II,  p.  242. 

Walsh,  Proc.  Entom.  Soc.  Phil.  Ill,  p.  403. 

Walsh,  Proc.  Entom.  S(K^  Phil.  IT,  pp.  457,  458,  481. 

Osten-Sacken,  Proc.  Entom.  Soc.  Phil.  IV,  p.  354. 

Walsh  fr  Kil(\v,  Amer.  Entomol.  I,  p.  104. 

Riley,  1st  Ann.  Kep.  Insects,  Missouri,  p.  14. 
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Fig.  17. 
Amphibolips  inanis — 

Mnyr,  20,  Jahi-e.sbcr,  ('i.'iini.  Olicrnil^vh  J,  IVz.  Wien,  1881, 

p.  27. 
Gillette,  27th  Midi.  .\f^ri.  Kep.,  18RS. 
Gillette^  Psycho  V,  p.  1S4. 

Ashmeacl,  Trans.  Amcr.  Eiit.  Sue.  Vol.  XII,  p.  2!I4. 
Packard,  5th  fieport  V.  S.  Ent.  Cmnin.  18»0,  p.  10.5. 
Heiitenmiiller,  Cat.  of  Gull  Tnsecta  1892,  p.  251. 
Beut»nmuller,  Amer.  Miis.  Jmir.  Vol.  IV,  No.  4,  1!)04,  p.  U. 

This  is  a  sphericnl  gall  with  thin  outer  wall.  In  the  center  is  a 
larval  chamber  which  is  snpporte^l  liy  tiliiinents  which  radiate  to 
the  outer  wall.  This  gull  is  from  y^  to  1  inch  in  diameter,  light 
green  in  color,  with  a  numhcr  of  small  i'lack  dots  on  the  surface. 
Occurs  on  Qucrcus  coccinea  and  Q.  rubra. 

AMPHIBOLIPS  PRUNVK  Walsh.    Pic  18. 

Cynips  prunus — 

Walsh,  Proc.  Entom.  Soc.  Phil.  Ill,  p.  C^9. 
Walsh  &  liilcj-,  Amcr.  Entoniol.  I,  p.  104. 
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mpkibolips  prunus — 

Mfl.yr,  80  Jahreslior.  Coinm.  Olierrealscli  I,  Bez.  Wien,  1881, 

p.  27. 
Gillette,  Psy^Iie  V,  1880,  p.  184. 

Ashmead,  Trans.  Amer.  Eiit.  Soc--  Vol.  XIV,  1887,  p.  130. 
Lintner,  4th  Eep.  Insects  New  York  1888,  p.  42,  44. 
Packard,  5th  Rep.  U.  S.  Ent.  Com.,  p.  105. 
Beutenmiiller,  Cat.  of  Gall  Insects,  1892,  p.  252. 
Bentcniiiiiller,  .Vnier.  Miis.  Jonr.  Vol.  IV,  No.  4,  p.  12,  1904. 


Pig.  18. 

This  is  an  oval,  fleshv,  but  solid,  monothalamoua  gall  found 
growing  from  the  side  of  tlie  acom.  It  is  a  bright  red,  gradually 
shading  into  yellow  towards  the  center.  The  gall  is  l/^  to  1  inch 
in  diameter.  The  insect  comes  out  in  the  late  spring  of  the  year 
following  the  formation  of  tlie  gall.  A  single  specimen  was  sent 
to  me  by  Mr.  F.  C.  Senour,  of  New  Augusta,  Indiana.  I  was 
unable  to  determine  the  species  of  the  host,  but  it  is  reported  from 
other  states  to  occur  on  Quercus  ruhra  and  Q.  Hnctoria. 

AR1PHIBOI.IPS  SC11I.PTA  BsbmM. 

Cynips  sculptus — 

Bassett,  Proc.  Entom.  Soc.  Phil.  II,  p.  324. 

Cynips  sculpta — 

Walsh,  Proc.  Entom.  Soc.  Phil.  II,  p.  84. 
Osten-Sat-ken,  Proc.  Entom.  Roc.  Phil.  IV,  p.  356. 
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Amphibolips  sculpta — 

Mayr,  20  Jaliresber.  Camin.  Oberrealsch  T,  Bez.  Wien,  1881, 

p.  27. 
Gillette,  Psyche  V,  p.  184. 

Gillette,  Proe.  Iowa  Acad.  Sci.  Vol.  I,  pt.  2,  p.  Ill,  1802. 
Gillette,  2Ttli  Mich.  Agri.  Rep.  pp.  408,  477,  1888. 

A  smooth,  spherical,  soft,  succulent,  nionothalamous  loaf  gall 
about  l/o  to  %  inches,  in  diameter  and  very  much  rosembling 
green  grapes.  Specumens  growing  on  Que  reus  rubra  were  collected 
near  Laporte,  Indiana,  by  ilr.  Fred  L.  Sims.  It  is  also  said  to 
occur  on  Quercus  tinctoria. 

ANDRICUS  SBiaiNATOR  Harris.    Flff.  19. 

Cynips  seminator — 

Harris,  Rep.  Ins.  Inj.  Yeget.  1st  Kd.,  1841,  p.  399. 
Harris,  Rep.  Ix\<^.  Inj.  Veget.  2d  Ed.,  1852,  p.  434. 
Fitch,  5th  Rep.  Xox.  Ins.  Trans.  ^".  Y.  Agricul.  Soc.  1858, 

pp.  315,  813. 
Osten-Sacken,  Proc.  Entom.  Soc.  Phil.  I,  1801,  p.  09. 
Osten-Sacken,  Stettin.  Entom.  Zeitg.  XXII,  1801,  p.  410. 
Harris,  Rep.  Ins.  Inj.  Yeget.  3d  Ed.,  1802,  p.  548. 
Walsh,  Proc.  Entom.  Soc.  Phil.  II,  1803,  p.  405. 
Walsh,  Proc.  Entom.  Srx?.  Phil.  II,  1804,  pp.  489,  490. 

Cynips  (Andricvs)  seminator — 

Osten-Sacken,  Proc.  Entom.  Soc.  Phil.  lY,  1805,  p.  351. 

Cynips  seminator — 

Walsh  &  Riley,  Amer.  Entomol.  II,  1809,  p.  71. 

Andricus  (Callirhytls)  seminator — 

Mayr,  20  Jahresber.  Comm.  Oberrealsch  I,  Bez.  Wien,  1881, 
p.  28. 

Andncus  seminator — 

Gillette,  Psyche  Y,  1889  p.  185. 

Gillette,  27tli  ^Mich.  Agri.  Re]).,  ])p.  408  and  477,  1888. 

Cynips  seminator — 


Packard,  Rep.  U.  S.  Entom.  C(mim.  Y,  1890. 
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Andricus  (CaUtrliylis)  scnnnatiir — 

"Beutenmiiller,  Out-,  of  Gall  Insects,  1802,  p.  25-i. 

Hen  ten  mil  Her,  Amor.  ilns.  Jonr.  Vol.  IV,  Xo.  4,  1904,  p.  1^, 
Andricus  seminator — 

Gillette,  Proc.  Iowa  Acad.  Sd.  Vol.  I,  pt.  2,  p.  Ill,  1892. 
A  very  amall,  nionothamous,  compoiind  gall.  These  galls  are 
always  collected  in  masses  and  covei-ed  witli  a  woolly  substance 
which  give*  the  mass  a  more  or  leas  spherical  ap[iearance.  This 
mass  varies  from  1  to  2  inches  in  diameter  and  is  either  jmre  white 
or  tinged  with  red,  but  late  in  the  autumn  liecomes  rusty  bro\ni. 
Vory  common  on  Qiierms  alba. 

ANDKICtlS    PAPII.I.ATVS  OBlen-Sacken.    FlK- 30. 

Cyiiips  papillata — 

Osten-Sacken,  Proc.  Entom.  Soc.  Pliil.  I,  p.  64. 

Osten-Saeken,  Rtettin.  Entom.  Zeitg.  XXII,  ISCl,  p.409. 
Cynips  (Andricus)  papillatus — 

Osten-Sacken,  Proc.  Entom.  Soc.  Phil.  IV,  1805,  p.  352. 
Ajidrinis  (CallirhyHs)  papillnliis- — 

Ashmead,  Trans.  Amor.  Eutom.  Soc.  XII,  1885,  p.  295. 

Packard,  r>th  liep.  U.  S.  Ent.  Com.,  p.  105. 

Beutenmiiller,  Cat.  of  Gall  Inse<'ts,  p.  255. 

Beutenmiiller,  Amer.  JIns.  Jonr.  Vol.  IV,  Xo.  4,  1904,  p.  14. 
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Fig.  20. 

Small  gall  pvajoctiiifr  fmni  Ijoth  surfaces  of  the  leaf.  In  the 
center  are  two  or  thret-  chaiulKTs  ouch  containing  n  single  larvji. 
Theee  chamliers  are  siisitended  Iiy  filaments  which  radiate  to  the 
outer  wall.  Each  gall  is  al>oiit  1,'^  to  y^  inch  in  diameter.  Com- 
mon on  the  oftks. 

ANDBICttS  CLAVULA  Buwtl.    Vlg.*!, 

Cynips  arbor — 

Fitch,  5th  Rep.  Nox.  Ins.  Trans.  N.  Y.  Agricul.  Soc.,  1858, 

p.  809. 
Bnssett,  PHK-.  Ent.  Sw.  PhiL  Vol.  Ill,  p.  686. 

Cynips  luber— 

Bassett,  Proo.  Eiil.  Roc.  Phil.  Vol.  HI,  p.  G85. 

Cynips  clavuli — 

Passett,  Proc.  Ent.  Soc.  Phil.  Vol.  TV,  p.  351. 

Osten-Saclsen,  Proc.  Ent.  S.H-.  Phil.  Vol.  TV,  p.  37!t. 
Aiuiricus  (Callirhytis)  clavula — 

Mayr,  30  .FahrcslM-r.  Conim.  OlHTrral.ech  T,  Rez.  AVien,  1881, 
p.  28. 
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Bassett,  Am.  Nat.  Vol.  XVT,  p.  246. 

Ashmead,  Trans.  Am.  Ent.  Soc.  Vol.  XII,  p.  294. 

Packard,  6th  Rep.  F.  S.  Ent.  Com.,  p.  105. 

Andricus  clavula — 

Gillette,  Psyche  V,  1889,  p.  184. 
Gillette,  27th  Mich.  Agri.  Rep.,  1888. 


Andricus  (Callirhytis)  clavula — 

Beutenmiillor,  Cat.  of  Gall  Injects,  1S02,  p.  255. 
Beutenmiiller,  Amer.  Mus.  Jour.  Vol.  IV,  No.  4,  1904,  p.  15. 

A  club  shaped  gall  formed  from  the  bud  at  the  tip  of  the  twig. 
Green  in  summer  but  in  winter  same  c^lor  as  twig.  Common  on 
Quercus  alba. 

ANDRICUS  PAIjUSTRIS  Osteo-Sacken.    Flff.  S2« 

Cynips  palustris — 

Osten-Saeken,  Proc.  Ent.  Soc.  Phil.  Vol.  I,  p.  62;  Vol.  Ill, 

p.  359. 
Oston-Sacken,  Trans.  Am.  Ent.  Soc.  Vol.  TIT,  p.  54. 

Andricus  (Callishytis)  palustris- — 


Bassett,  Am.  Nat.  Vol.  XVT,  p.  246. 
Ashmead,  Trans.  Am.  Ent.  Soc.  Vol.  XTI,  p.  294. 
Packard,  5th  Rep.  TT.  S.  Ent.  Com.,  p.  105. 
Beutenmiiller,  Cat.  of  Gall  Insects,  3  892,  p.  256. 
Beutenmiiller,  Amer.  Mus.  Jour.  Vol.  IV,  No.  4,  p.  15,  1904. 
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A  smooth,  spherical,  green,  succTilent  leaf  gall  ahoiit  ^^/o  inch 
in  diameter.  The  inside  is  hollow,  with  a  small  whitish,  globular 
body  about  1-1 0th  inch  in  diameter.  This  small  body  rolls  freely 
and  contains  a  single  chamber  with  a  single  larva.  The  adult 
insect  comes  out  in  May.     Common  on  Quercus  palusfris, 

ANDHICUS  PETIOIjICOIjA  BametC    Fiff.  23. 

Cynips  pefioUcola — 

Bassett,  Proc.  Entom.  Soc.  Phil.  IF,  1SG3,  p.  325. 
Walsh,  Proc.  Entom.  Soc.  Phil.  IT,  18(54,  p.  487. 

Cynips  petiolicola — 

Gillette,  Psyche  V,  1S80,  p.  1862. 
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Cynips  (Andricus)  petiolicola — 

Ostan-Sacken,  Proc.  Ent.  Soc.  Phil.  Vol.  IV,  p.  379. 

Bassett,  Am.  ISTat.  Vol.  XVI,  p.  246. 

Aslimead,  Trans.  Am.  Ent.  Soc.  Vol.  XII,  p.  205. 

Gillette,  27th  :Mieh.  A^ri.  Rep.,  1888. 

Packard,  5th  ]{ep.  U.  S.  Ent.  Com.,  j).  105. 

Beutenmiiller,  Cat.  of  Gall  InstK^ts,  1892,  p.  257. 

Eeutenmiillcr,  Amer.  ilns.  Jour.  Vol.  IV,  Xo.  4,  1904,  p.  IG. 

A  dense,  woody,  cluh  shaped,  polythalamous  gall  on  the  petiole 
or  midrib  of  the  loaf  of  Quercus  alba,  Q,  prinus,  Q.  hicolor,  Q, 
ohtusiloba, 

ANDRICC/S  IjABTA  Fltcli.    Flff.  24. 

Cynips  lana — 

Fitch,  5th  Hep.  Xox.  Trans.  X.  Y.  State  Agricnl.  Soc,  1858, 
p.  814. 


Andricxis  lana — 

Ashmead,  Trans.  Am.  Ent.  Soc.  Vol.  XII,  p.  295. 
Packard,  5tli  Rep.  V,  S.  Ent.  Com.,  p.  105. 
Beutenmiiller,  Cat.  of  Gall  Insects,  1892,  p.  257. 
Beutenmiiller,  Amer.  Mus.  Jour.  Vol.  IV,  Xo.  4,  1904,  p.  16. 
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T^umerous,  small  and  collectod  in  a  mass  on  one  of  the  principal 
v(»ins  and  covered  with  a  white  or  buff  colored  woolly  mass.  Com- 
uum  on  Quercus  nibus  and  Q.  alba. 

ANDRICITS  FBinORATC/S  Ashmead. 

Andricus  femoratus — 

Ashmead,  Trans.  Ainer.  Entom.  Soc.  XIV,  1887,  p.  141. 
A  small,  thin  walled  s])herical  gall.     In  the  center  is  a  single 
small  chamber  held  in  place  by  fine  radiating  filaments.   On  Quer- 
cus ruhra. 

CVNIP8  PlSUni  Fitch. 

(■ynips  pisum — 

Fitch,  5th  Rep.  Xox.  Ins.  N\  Y.  Trans.  Agri.  Soc.  XVIII,  p. 

818. 
Osten-Sacken,  Proc.  Entom.  Soc.  Phil.  I,  1861,  p.  59. 
O^ten-Sacken,  Proc.  Entom.  Soc.  Phil.  I,  1862,  p.  250. 
Osten-Sacken,  Proc.  Entom.  Soc.  Phil.  IV,  1865,  p.  361. 
Ashmead,  Trans.  Am.  Ent.  Soc.  Vol.  XII,  p.  303. 
Eeutenmiiller,  Cat.  of  Gall  Insects,  1892,  p.  258. 
Beutenmiiller,  Amer.  Mus.  Jour.  Vol.  IV,  Xo.  4,  1904,  p.  18. 

Spherical,  polythalamons  gall.  The  surface  finely  netted  with 
depressions  between  which  are  small  elevations.  About  l/o  inch  in 
diameter  and  pale  greenish  yellow  in  color.  Attached  to  veins  on 
either  under  or  upper  surface  of  the  leaf.  Common  on  Querent 
alba. 

ACRA8PIS  ERINACEI  l¥aUlk.    Flff.  S5. 

C ynips  erinacei — 

Walsh,  Proc.  Ent.  Sf>c.  Phil.  Vol.  II,  p.  483. 

('//tiips  erinacens — 

Osten-Sacken,  7th  Tfop.  TT.  S.  Geol.  and  Geog.  Sur.,  1873, 

1874. 

.1  craspis  erinacei — 

Mayr,  20  Jahresber.  Comm.  Oberrealsch  I,  Bez  Wein,  1881, 

p.  29. 
Mayr,  Genera  der  Gallben.  Cynipid,  p.  29. 
Bassett,  Am.  Nat.  Vol.  XVI,  p.  246." 
Ashmead,  Trans.  Am.  Ent.  Soc.  Vol.  XII,  p.  295, 
Ashmead,  Bull.  No.  3,  Tvaiis.  Agri.  Ex.  Station,  App.,  p.  IV, 

1888. 
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Ashmead,  TSiill.  No.  1,  Tnlo.  Biol.  Assoc.,  p.  38. 

Packard,  5tli  Rep.  U.  S.  Eiit.  Com.,  p.  106. 

Gillette,  27th  Mich.   Agri.  Ex.  Station  Rep.,  pp.  470-477, 

1888. 
Gillette,  Psyche  V,  1889,  p.  186. 

Gillette,  Proc.  la.  Acad.  Sci.  Vol.  1,  pt.  2,  p.  112,  1892. 
Reutenmiiller,  fat.  of  Gnll  Turrets,  1893,  p.  259. 
Reutenmiiller,  Amer.  Miis.  Jour.  Vol.  IV,  Xo.  4,  1904,  p.  18. 

All  oval,  polythalamoiis  gall,  Vi  to  y^  inch  in  diameter,  and 
attached  by  a  single  point  to  the  rib  on  the  upper  surface  of  the 
K^af.  Finely  netleil  wilh  fissures  and  eovored  with  long  spines  of 
a  bright  red  color,    f 'oinmon  on  Querrus  rubra. 

XANTHOTBRAS  FOBTICORNIfl  Aahmemd.    FlK-  3e. 

Ct/vips  ficus — 

Fitch,  5th  Rep.  Xox.  Ins.  Trans.  N.  Y.  Agri.  Soc.,  1858,  p. 
812. 

Osten-Saoken,  Pro.  Ent.  Roc.  Phil.  Vol.  IV,  p.  368. 
Cynips  forticomis — 

Walsh,  Proc.  Ent.  Soc.  Phil.  Vol.  II,  p.  490. 
Tera-i  forticomis — 

Ostcn-Sacken,  Pro.  Ent.  Soc  Phil.  Vol.  IV,  p.  379. 


(iMllI.OIJIRT. 


Fig.  2(1. 
Arr(Kpis  foiiicoriii.t — 

Jlassctt,  Am.  Niit.  Vol.  XVJ,  )).  ^W. 

Asliineail,  Trims.  Am.  Knt.  S.w.  Vol.  XU,  p.  -im). 

Packard,  5th  Kep.  U.  S.  Knt.  Com.,  p.  lOT. 

Biorhiza  foriicornis — 

llajT,  20  Jalirt>sl>pr.  Coimn.  OI>em'nlsdi  I,  li«;z.  Wioii,  ISSl, 

p.  32. 
Gillette,  27tli  Mich.  Ajrri.  Rep.,  jip.  4T0  aiul  477. 
Gillette,  P.-syr-lic  V,  1881),  p.  Ifid. 
Gillette,  Proe.  loiva  Acad.  S<-i.  Vol.  I,  pt.  2,  p.  li:i. 
Aslmioad,  Hull.  I,  Colo.  I5iol.  Assoc.,  p.  ;iS,  181I0. 
IMitoiiiuiilkT,  Cat.  of  Gall  Inserts,  p.  259,  1S112. 
IJeacIi,  Pnic.  Towa  .Vcad.  Sci.  TI,  p.  i^4,  1S!)5. 

Xaiil}iriirias  fvrfinirnis — 

Asliniead,  Psvdie  X,  p.  14H,  ll»(i:{. 

Small  fiij-^[ia]H'd  ijalls,  closely  ]>ackc(l  in  dense  cluslei-s  around 
flio  yonng  twig*.     An  inner  cliainl)er  containin;?  a  siiiple  lnr\'a  is 
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fastened  directly  to  one  side  of  the  imtcr  wall  and  on  tho  other 
side  13  connected  with  the  outer  wall  l>y  means  of  filaments.  It  is 
pnlo  yellow,  often  tinj;e<l  with  red,  hut  in  winter  iKWoniing  hrown. 
Frofjuently  on  Qnercus  alha. 

HOLCASP18  OLOBIILCS  PItcb.    VXf.'i'!, 

CallaspUHa  gJohuhm — 

Fitch,  5fh  Ke]>.  Nox.  Tufl.  X.  Y.  State  Atrrioiil.  Roc.,  ISnS,  p. 
811. 

Packard,  .llh  Kep.  T^  R.  Ent.  Com  ,  p.  111. 
Cynips  globulus — 

Fitch,  5th  Rep.  Xox.  Ins.  N.  T.  State  Agri.  Soc,  p.  312. 

Osten-Sflclion.  Proc.  Fnt.  R.m'.  Phil.,  Vol.  I,  p.  07. 

Osten-Sacken,  Stettin.  Entoin.  Zcitp.  XXU,  ISCl,  p.  410. 

Bassctt.  Ptoc.  Entom.  Soc.  Pliil.,  Vol.  11,  ]>.  328. 

AVals)i,  Proc.  pnfom.  Rr>c.  Phil.,  Vol.  IT,  ]>.  4SS. 
Ci/iiips  (jlohiili — 

Osten-Rackcn.  Proc.  Entom.  Roc.  Phil.,  Vol.  TV,  p.  ."iSO. 


Tlolraspis  globulus — 

Itayr,  20  JahrfslKT.  Comm.  ObciToalsch  T,  Rez.  Wicn,  l^Sl, 

p.  35. 
Passett,  Am.  Kat.  Vol.  XVI,  p.  24fi. 
Packard.  5tii  Pep.  V.  S.  Ent.  Com.,  p.  10(1. 
Gillette,  2rtli  llich.  Airri.  lEep.,  pp.  470  and  47S,  1888. 
Gillette,  Psyche  V,  1R80,  p.  187. 
Gillette,  Proc  Iowa  Acad.  Hci.  Vol.  T,  pt.  2,  p.  li;i,  1S!I2. 
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Beiitenraiiller,  Cat.  of  Gall  Insects,  1892,  p.  260. 
Beutenmiiller,  Amer.  Mus.  Jour.  Vol.  IV,  No.  4,  1904,  p.  19. 
Patton,  Ent.  News  III,  p.  104. 

Spherical,  smooth,  corky,  jnonothalaraous,  twig  galls.  The 
larva  is  contained  in  oval  white,  shell-like  central  structures.  Yel- 
low, frequently  tinged  with  red,  but  bro^vn  in  winter.  Ono-haJf 
to  three-fourths  inch  in  diameter.    Common  on  Quercus  alba. 

HOIjCASPIS  CENTRIOOLA  Osten-Sackeii.    Wlz»  28. 

Cynips  ceniricola — 

Osten-Sacken,  Proc.  Entom.  Soc.  Phil.  T,  1861,  p.  58. 
Osten-Sacken,  Proc.  Entom.  Soc.  Phil.  IV,  1865,  p.  350. 


FtQ.Zi, 


Holcaspis  centricola — 

Ashmead,  Trans.  Amer.  Entom.  Soc.  XII,  1885,  p.  296. 

A  spherical  gall  very  similar  to  Amphibolips  inanis  O.-S.,  except 
that  it  is  smaller  and  in  fact  might  be  very  easily  mistaken  for  A. 
inanis.    On  Quercus  ohtusiloha, 

DRYOPHANTA  RADIOOLA  Ashmead.    Pl^r.  39. 

Dryophanta  radicola — 

Ashmead,  Proc.  of  the  IT.  S.  Nat.  Mus.  Vol.  XIX,  p.  116, 
1896. 


/lo.  2 1 
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A  fij-shaped,  polythnlainons  gall  piwliicftd  in  a  cluster  on  the 
stem  just  below  the  surface  of  the  ground.  Yellow  and  when 
partly  exposed  to  the  sun  becomes  bright  red.    On  Quercus  alba. 

HBOBOTBBUS  BlLBVl  BaMet*.    PIk-  3a 

Cynips  ap. 

J.  A.  W.,  Amer.  Entomol.  Ill,  1880,  p.I53. 
Cynips  Rileyi — 

Bassett,  Amer.  Nat.  XV,  1881,  p.  149. 

PneknrH,  Kep.  L".  S.  Ent.-m.  Com.  V,  1S90,  p.  114. 


Fig.  no. 
NeuToterus  Rileyi — 

Mayr,  20  Jahreslier.  ('oiii.  Oberrealseh  I,  Bez.  Wien,  1881, 
p.  37. 

Olustored  swellings  on  the  young  sterns  of  Qtternts  priinvs. 
Each  gall  is  polythalainons.  Forms  in  the  late  summer  and  the 
flies  eirerge  the  following  spring. 

OALLIBHYTIS  TVIHIFICA  OBten-aaekeB. 

Callirhytis  tumtfica — 

Osten-Sacken,  Proc.  Entom.  Soc.  Phil.,  1865,  p.  356. 
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A  flesliy  polvthalamous  leaf  gall  extending  on  l)oth  surfaces  of 
the  leaf.  One-oightli  to  V^  inch,  rarely  Y^  ^^^^^^  ^^  dianieter. 
Comnion  on  Que  reus  tincioria  and  Q,  alha. 

DIPTERA. 

CECIDOMYID^. 
€E€1DOraYIA  VEURUCICOLA  Osten-Satken. 

Ccc ido  m  y in  verm c  ico la — 

Osten-Saeken,  Can.  Ent.  Vol.  VTI,  p.  200. 
Boutennililler,  Cat.  of  Gall  Tnswt^  1S92,  p.  204. 
Eentenmiiller,  Anier.  iliis.  Jour.  Vol.  IV,  No.  4,  1904,  p.  24. 

A  small  gall  projecting  from  botli  surfaces  of  the  leaf.  About 
1-5  inch  in  dianieter.  In  the  fall  it  o])ens  <m  the  under  si<le 
by  means  of  a  ciivular  lid  which  freipiently  remains  attache<l  by 
one  edge.  (V>unn(>n  on  Til  la  Avierir.aua.  Ro]>orted  from  Xew 
York ;  probably  very  widely  distributod. 

CBCIDOi^YlA  CRRASI-SEROTINwE  Onten-Saekeii. 

Ceeidomyia  ceraj<i-se rot ince — 

Oston-Sacken,  Trans.  Am.  Ent.  Sue.  Vol.  Ill,  p.  '346. 
Beutenmiiller,  Cat.  of  Gall.  Tnswts,  1802,  p.  265. 
Boutenmiiller,  Ainer.  ]\fu^^.  Jcmr.  Vol.  IV,  No.  4,  1904,  p.  25. 

A  more  or  kvs  splierical,  fleshy  gall  formed  from  the  terminal 
bud.  Bright  red  in  color  and  frequ(mtly  with  one  or  two  leaves 
growing  from  the  side.  Rare.  Also  reported  from  New  York. 
On  PniJius  serofina. 

CBCIDOmmA  PEIiliEX  0«eeii>SackeD.    Fig.  31. 

Ceeidomyia  pellex — 

Osten-Sacken,  IMon.  Dipt.  X.  Am.,  ])t.  1,  p.  109. 
BeuteumuUer,  Cat.  of  Gall  Insects,  1892,  p.  205. 
Beutenmiiller,  Amer.  Mus.  Jour.  Vol.  IV,  No.  4,  1904,  p.  26. 

T  am  not  sure  that  mv  detei'mination  of  this  ffall  is  correct.  It 
is  formed  as  a  result  of  the  swelling  of  the  petiole  of  the  midrib  of 
the  leaflets.  Frequently  the  entire  leaflet  is  destroyed  leaving  a 
cluster  of  bean-shaped  structures.  The  larva*  leave  the  gall  in  the 
latter  ])art  of  flune  and  earlv  in  Jul  v.  Conunon  on  Fraxinus  Amer- 
ieana. 
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Fig.  31. 

CGCIDOnVIA  GLKDITMVHI^  OBlen-SmchPii.     FIc.  32. 

Cecidoiiiyia  iiJeilUach  nv — 

Osteii-S;ickcii,  Vi-oi-.  Flit.  S.>c.  Phil.  Vol.  VI,  p.  919. 

Ueiiteiimiillcr,  (at.  of  Insect  Giills,  lS!t:J,  p.  260. 

Tipiitcniiiiillor,  Amor,  iluii.  Jour.  \'<>\.  IV,  Xo.  4,  1!)04,  p.  2C. 

TliG  'enflots  arc  so  foMi'iI  alonji  the  central  vein  tlint  the  eiipiw 

iiro  hnm^ht  together,  forming  a  pocl,     Somctiiucs  only  tlie  tip  of 


;  i().J2. 

tlio  leaflet  is  thus  deformed.  The  life  liistory  is  <'4)inplete(l  within 
the  giill  and  the  nilult-  iiis<>et  emerges  in  .Tinie  and  Jnly.  Common 
on  Gledilschiii  Iriiiraiillios. 
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GBCIDORIYIA  IIOI#OTBI€HA  0««eii-8acken. 

Cecidomyia  holotricha — 

Osten-Saeken,  Mon.  I)i])t.  N.  Am.,  pt.  I,  p.  193. 
Glover,  MS.  Xotes  from  my  Journal,  pi.  XI,  Fig.  23. 
Beutenmiiller,  Cat.  of  Gall  Insects,  1892,  p.  2G6. 
Beutenmliller,  Amer.  Mus.  Jour.  Vol.  IV,  No.  4,  1904,  p.  i'*^. 

A  small  sub-globular  or  onion-shaT)e(l,  pul)escent,  monothalaraou? 
gall.  Frequently  so  abundant  on  the  underside  of  the  leaf  as  tc 
cause  it  to  shrivel.    Common  on  Ilicoria  ovaia. 

CEGIDOIHYIA  TUBICOLA  Osten-Saeken. 

Cecidomyia  tubicola — 

Osten-Sacken,  Mou.  Dipt.  X.  Am.,  pt.  T,  p.  192. 
Glover,  MS.  Notes  from  my  Journal,  Dipt.  pi.  XI,  fig.  25. 
Beutenmliller,  Cat.  of  Gall  Insc<-ts,  1892,  p.  267. 
Beutenmliller,  Amer.  Mus.  Jour.  A%>1.  IV,  No.  4,  1904,  p.  27. 

Small,  cylindrical,  monothalamous  galls  inserted  in  a  concave 
protuberance  on  the  underside  of  the  loaf  and  very  easily  broken- 
Green,  but  when  m.ature,  a  deep  brown.  Common  on  Hicoi^  alha. 
Also  reported  from  New  ^'orjv. 

CBCIDOniYIA  8TR0BI1.0IDES  Osten-Sacken.    Fiir»«  33t  34. 

Cecidomyia  strohiloides — 

Osten-Sackeji,  Mon.  Dipt.  pt.  T,  p.  203. 
Walsh  and  Riley,  x\m.  Ent.  Vol.  I,  p.  105. 
Packard,  Guide  to  the  Study  of  Insects,  p.  377. 
Glover,  MS.  Notes  from  my  Journal,  pi.  XI,  fig.  15. 
Beutenmliller,  Cat.  of  Gall  Insects,  p.  892,  p.  267. 
Beutenmiiller,  Amer.  Mus.  Jour.  Vol.  IV,  No.  4,  1904,  p.  2S. 

An  apical,  cone-shaped,  bud  gall  formed  of  closely  imbricated 
leaves.  Makes  its  appearance  in  May  and  is  fully  grown  in  July. 
The  mature  insects  do  not  emerge  until  early  the  following  spring. 
Very  abundant  on  the  willows. 

CBCIDOMYIA  SILI((IJA  Walsh. 

Cecidomyia  siliqua — 

Walsh,  Proc.  Ent.  Soc.  Phil.  Vol.  IV,  p.  223-288. 

This  gall  is  a  swelling  of  the  young  twigs  and  is  about  IY2 
inches  in  length.  It  is  raonothalamous  and  contains  a  single 
larva. 
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Fig.  83. 

CBCIIMnyiA  Ct.AVVt.lk  BeuMnmiiller. 

Oecidomyia  clavula — 

"Reutpimiiiller,  Oat.  of  GjiII  IiiRccta,  18!)2,  p.  26!). 
Beuteiimiiller,  Amer.  !Mu3,  Jour.  Vo).  IV,  No.  4,  1904,  p.  29. 
A  club-shaped,   munotlialamous  gall  formed  on   the  tenninal 
twiga  of  Conina  flori<la.     Same  color  as  tiie  twiga,     I  have  col- 
lected this  gall  in  Putnam  County.     It  is  also  reported  from  New 
York. 

CHCIDOIIIYIA  FILUl.^  1V>Uh. 

Cynips  pUvlw — 

Walsh,  Froe.  Ent.  Soc.  Phil.  Vol.  II,  p.  4»1. 

Walsh  and  Kiley,  Am.  Knt.  Vol.  11,  p.  29. 

Riley,  5th  Kep.  U.  S.  Com.,  p.  206. 

Beutenmiiller,  Cat.  of  Gall  Insects,  1892,  p.  269. 

Beutenmiillor,  Ainer.  Mus.  Jour.  Vol.  IV,  No.  4,  1904,  p.  30. 

A  solid,  fleshy,  polythalamons  gall  oecurring  usually  in  great 

mimbers  on  the  upper  surface  of  the  leaf.     On  the  under  surface 

of  the  leaf  oppoflite  the  gall  is  a  small  green  projection  of  the  leaf 
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stmrtnrc,  AMicii  youn^  tlio  gall  is  yellow  or  pa]e  bro^pii,  luit  in 
Angiist  or  ScptonilHT  it  Ixx-nmos  liri{>;lit  n^I  or  brown.  The  size 
is  variiiblo  anil  froqnciitly  two  or  more  galls  unite.  As  it  ap- 
proaclit'S  niiifni'ity  the  anrface  crm^ks  irregularly.  On  moat  sixicies 
of  the  oak.     Very  nirlely  (listribnte(J. 

CECIDOmVlA  80LIDAGINIS  l^ew. 

Cecidomyia  soUdaf/inis — 

T^iew,  Mon.  Dipt.  N.  Am.  pt.  I,  p.  194. 

GIov(»r,  !MS.  Notes  from  iiiy  Jnnrnal. 

noitfeniniiller,  Bull.  Aiiipr.  Miis.  Nat.  Hist.  Vol,  IV,  No.  1, 

p.  271,  1802. 
Beiitenmiiller,  Ainer.  Shis.  Jour.  Vol.  IV,  Xo.  4,  1904,  p.  31. 
An  apical  ijall  v-Iiirb  preveiit?  tbe  elongation  of  the  stem  an{l 
ennses  the  leaves  to  Ih-  roiliieed  and  niviimnlateil  into  a  rowttf  mass. 
Very  common  on  the  golilen-roils  (Solida^jo  canadensis). 
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SriARA  OCBLIiARIS  OsteD-SackeD.    Flff.  35. 

Cecidomyia  ocellaris — 

Osten-Saekeii,  ^lon.  I)i])t.  ]t^.  Am.  pt.  T,  p.  199. 
Glover,  MS.     Xotes  from  mv  Journal. 

Sciara  ocellaris — 

Comstock,  Rep.  IT.  S.  Depl.  Ao:rieul.,  1881,  p.  202. 
Packard,  5th  Rep.  U.  S.  Ent.  ( ■oiu.,  1S90,  p.  411. 
Eeutenmiiller,  I^ull.  Amer.  ifus.  Xat.  Hist.  Vol.  IV,  Xo.  1, 

1892,  p.  273. 
Reivtenniiiller,  Anier.  ^his.  Jour.  Vol.  IV,  Xo.  4,  1904,  p.  33. 


An  eve-like,  circular  spot,  light  yellow  in  color  with  a  red  central 
dot.  Frequently  entirely  grc^en  or  yellow.  Coinuirm  on  the  red 
maple  (Acer  ruhrum).  Reported  from  New  York.  Probably  as 
widely  distributed  as  the  host  plant. 
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TRYPETID^. 
TRYPETA  SOLIDAGINIS  Fitch.    FiiT.  86. 

Acinia  solidaginis — 

Fitch,  1st  Hep.  Nox.  Ins.  Trans.  X.  Y.  State  Agricul.  Soc. 
Vol.  XIV,  p.  771. 

Trypeta  solidaginis — 

Loew,  Mon.  Dipt.  N.  Am.,  p.  82. 

Glover,  MS.    Notes  from  ray  Toumal. 

Eoiitenmiiller,  Cat.  of  Gall  Insects,  p.  274. 

Eeutenmiiller,  Amer.  Mus.  Jour.  Vol.  IV,  No.  4,  1904,  p.  33, 


A  solid,  spherical,  monothalamous  gall  on  the  stem  of  the  e:')1<!c'ii- 
rod  (Solidago  cavadcnsis) .  Fully  developed  in  August,  Tho 
mature  insect  is  as  large  or  larger  than  the  common  housefly  and 
oinerges  the  following  spring.    Common  and  widely  distributed. 


FEMIPTERA. 

PSYLLIDJE. 
PA0HYSYIil4A  CBIiTimS-niAIVIIVf^  Riley.    Fiff.  37. 

Pachysylla  celfidis-mammm — 

Eiley,  Johnson's  Universal  Encyclopedia,  1876. 

Riley,  Can.  Ent.  Vol.  XV,  p.  158. 

Riley,  6th  Rep.  U.  S.  Ent.  Com.,  p.  020. 

Fletcher,  Rep.  Ent.  Soc.,  1882,  pp.  79,  80. 

Packard,  6th  Rep.  F.  S.  Ent.  Com.,  1890,  p.  615. 

Beutenmiiller,  Cat.  of  Gall  Insects,  1892,  p.  275. 

Eeutenmiiller,  Amer.  Mus.  Jour.  Vol.  IV,  No.  4,  1904,  p.  35. 


Pig  .87. 

.  A  cylindrical,  (Iciisc  winjdy  i^nll  with  hhintly  rounded  apex  and 
slightly  confractcd  at  the  point  of  attachment  to  the  leaf.  Always 
on  tlio  underside  of  the  loiif.  On  the  upper  surface  of  the  leaf 
opposite  the  ^11  i*  a  <'oiic:iv<>  depression.  Very  common  on  the 
haokherry  (Celtis  orcidentalis'). 

APHID  ^. 

HOBnAPHlS  HAnAMELIDIS   Fitch.    'FlE' 38. 

liyrsorrypla  hamamcUdis — 

Fitcli,  ^^.  Y.  Cat.  of  Horn.  Insects,  1851,  p.  69. 
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Tlormaphis  hamamclidis — 

Osten-Sacken,  Strtt.  Ent.  Zcitnus,  1861,  p.  422. 
Walsh,  Proo.  Ent.  Sttc.  Phil.,  VI,  1866-67,  p.  281. 

Hamamelisfes  comu — 

Shinier,  Trans.  Am.  Ent.  Snc,  T,  1867,  p.  283. 


Fig.  38. 
Tlormaphis  hamamclidis — 

Thomas,  Trans.  Ills.  State  Tlort.  Soc.,  1876-77,  p.  199. 
Bentenniiitler,  Cat.  of  Gall  Inswfs,  1892,  p.  276. 
nciitoniiiuller,  Amer.  Jfiis.  Jonr.  Vol.  IV,  No.  4,  1904,  p.  SO. 
Pergande,  The  Life  History  of  Two  Species  of  Plant-Lice 
inhabiting  both  witeh-hazel  and  bireh,  1901,  p.  7. 

A  eonical,  monothalamoiis  gall  produced  on  the  upper  surface 
usually  at  the  angle  formed  by  midrib  and  on  the  principal  veiu 
of  the  leaf.  The  o|)eniii£r  on  underside.  Common  on  the  witch- 
hazel  {ITamamcIis  virgivina.) 
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HAMAmBIilSTBfil  SPINOSUII  ^'Stalmer.    Fig.  39. 

Hamamelistes  spinosus — 

Shimer,  Trans.  Amor.  Ent.  Soo.,  Vol.  I,  p.  284, 1867. 

Hormaphis  spinosus — 

Riley  and  Monell,  Bull.  TJ.  S.  Och^I.  Sun-.  Terr.,  Vol.  V,  No. 
1,  p.  14,  1879. 

TIormapTiis  papyracece — 

Oestlund,  Geol.  <an(l  Xat.  TTist.  Sim*,  of  ^finn.  Bull.  4. 
Synopsis  of  Apln(la>  of  ^linn.,  p.  1^,  1887. 


Hormaphis  spinosus — 

Bentenmiiller,  Cat.  of  Gall  Tnse<*ts,  181)2,  p.  276. 
Beutonniiiller,  Amer.  ilus.  Jour.  Vol.  IV,  Xo.  4,  1904,  p.  25. 

Hamamelistes  spinosus — 

Pergande,  The  Life  History  of  two  species  of  plant-lice  in- 
habiting both  the  witch-hazel  and  birch,  1901,  p.  25. 

This  gall  is  a  deformed  fruit  bud.  It  is  oblong,  green  and 
covered  with  long  spines.  At  the  base  of  the  gall  is  a  funnel-like 
exit.  On  Hamamelis  virrjinica,  but  not  so  abundant  as  II,  hama- 
melidis, 

COI^PHA  VLmiCOLA  Pitch.    Pis*  40. 

Brysocrypta  ulmicola — 

Fitch,  5th  Rep.  Nox.  Ins.  Trans.  N.  Y.  Agricul.  Soc.,  1858, 
p.  843. 

Thelaxes  ulmicola — 

Walsh,  Proc.  Ent.  Soc.  Phil.  Vol.  T,  p.  305. 
Walsh,  Am.  Ent.  Vol.  I,  p.  108. 


^Pergandi  gives  a  most  excellent  description  of  ihe  life  history  of  these  two  species. 
H.  hamamelidis  hasseyen  generations  and  U.  spinosus  has  six  generations. 
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Fig.  40. 
Colopha  utiiticola — 

Monell,  Can.  Ent.  Vol.  TX,  p.  102. 

Ghjpliina  ulmicola — 

Thomas,  3.1  Rep.  X..x.  Tiis.  Til.,  p.  142. 

Colopha  ulmicola — 

Eiley,  Bull.  U.  S.  Geo.  Siir.  (Ilaydeii),  Vol.  V,  p.  9,  1879. 
Bentonmiiller,  Tat.  of  Gull  Insrcts,  1892,  p.  276. 
Beutemniillor,  Amer.  Jlns.  Jour.  Vol.  TV,  \o.  4, 1904,  p.  :37. 

A  cockscomb  g:ill  foniiod  on  the  ii])ix'r  side  of  the  leaf.  The 
opening  is  on  the  iiiulei-  siirfaf'e  of  the  le^f.  Green,  frequently 
tinged  with  red.  Very  common  and  very  widely  distribnted  on  the 
elm  (Vlmus  Amencana). 
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PBMPJHIOIJS  VliMI-FCSVS  ^Falnli. 

Pemphigus  ulmi-fiisvs — 

Walsh,  Am.  Ent.  1 :  106,  1861. 
Thomas,  Kept  Enf.  Tils.  8:  153,  18S0. 
Oestlund,  Aph.  Minn.  24,  1887. 
Packard,  Forest  Ins.,  1890. 

Hunter,  The  Aphidse  of  N.  A.,  Iowa  Agricul.  Ex.  Station, 
1901,  p.  77. 

A  small  conical-shaped  gall,  contracted  at  the  point  of  contact 
wnth  the  leaf.  Always  on  the  upper  surface,  but  with  the  opening 
on  the  under  surface.     Common  on  the  elm  {Uhnus  Americana), 

PEIHPJHIOCS  POPVLIGAIJLIS  Fitch.    FIff.  41. 

Pemphigus  populicaulis — 

Fitch,  Kept.  Ins.  N.  Y.  5 :  845,  1859. 

Walsh,  Proc.  Ent.  Soc.  Phil.  1:  eS05,  1861. 

LeBaron,  3d  Rep.  Nox.  Ins.  111.,  p.  193,  1873. 

Thomas,  3d  Rep.  Nox.  Ins.  111.  (Trans.  Dept.  of  Agricul., 

1878),  p.  149. 
Walsh  and  Riley,  Am.  Ent.  1 :  57,  245,  1880. 


Fu,y/ 


Henry,  Am.  Ent.  1 :  205,  1880. 

Oestlung,  Aph.  Minn.,  21,  1887. 

Packard,  5th  Rep.  II.  S.  Ent.  Com.,  p.  471,  1890. 

Osbom,  Cat.  Hem.  la.,  1892,  p.  130. 

Beutenmiiller,  Cat  of  Gall  Insects,  1892,  p.  277. 

Beutenmliller,  Amer.  Mus.  Jour.  Vol.  IV,  Xo.  4,  1904,  p.  38. 

Gillette  and  Baker,  Hem.  Colo.,  1895,  p.  115. 

Hunter,  The  Aphididse  of  N.  A.  Iowa  Ex.  Station,  1901. 
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A  more  or  less  irregular  s[)herical  gall  at  point  of  union  of 
petiole  and  leaf.  Opening  closed  by  a  twisting  of  tlie  loaf  against 
the  gall.  Collected  by  C.  C.  Deam  in  Wells  County  on  Populus 
deltoides.  Widely  distributed  and  reported  from  New  York  on 
Populus  monilifera,  and  from  Illinois  on  P.  augulata, 

PE.I1PJH[IG(JS  POPVLI -TRANS VERSUS  Riley.    Fig.  42. 

Pemphigus  popuU-travsvcrsus — 

Riley,  Bull.  TJ.  S.  Gcol.  Surv.  5:  15,  1880. 

Osborn,  Cat.  Ilem.  la.,  130,  1892. 

Bnmer,  Kept.  Xebr.  Ilort.  Soc,  301,  1803. 

Lintnor,  Eept.  Enf.  N.  Y.  13:  3G1,  1800. 

Oestlund,  Apb.  Minn.  21,  1887. 

Gillette  and  Baker,  Hem.  Colo.,  110,  1805. 

Hunter,  The  Apbididie  of  X.  A.,  Towa  Ex.  Station,  1001. 

Packard,  5th  Bep.  IT.  S.  Ent.  Com.,  p.  434,  1890. 


Fuj.  HI 


An  oval  gall  formed  on  one  side  of  the  petiole  and  causing  it  to 
become  curved.  On  the  side  opposite  the  petiole  is  the  slit  opening 
which  is  sometimes  contracted  into  a  circular  opening.  SiJecimen 
collected  by  C.  C.  Deam  in  Wells  County  on  cottonwood  {Populus 
deltoides).  Widely  distributed  and  also  occurring  on  P.  moni- 
lifera and  P.  halsamifera, 

PEMPHIGUS  VAGABUNRUS  Walsh.    Flff.  43. 

Pemphigus  vagahundus — 

Walsh,  Proc,  Ent.  S(k».  Phil.  I:  300,  1801. 
Walsh  and  Riley,  Am.  Ent.  T:  57,  100,  1801. 
Packard,  Eorest  Ins.,  434,  1800. 
Oestlund,  Aph.  Minn.,  22,  1887. 
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Osbom,  Cat.  Ileiii.  In.,  130, 1893. 
Covren,  in  Hem.  Cola,  116,  1895. 

Hunter,  The  Apliulidse  of  X.  A.,  Iowa  Agriciil.  Ex.  Stntion, 
1901. 

This  an  apiwil  biul  j^iill  in  which  the  leaves  are  so  distorted  as 
to  have  lost  their  idcntit^v  as  leaves.  Each  part  is  a  double  laminoj 
and  between  these  two  laminte  are  large  numbers  of  insects.     I 


Fig.  43. 

have  frequently  found  a  single  fold  in  the  leaf  forming  a  gall  very 
similar  to  Colupha  vlmicoJa.  I  have  collected  this  gall  on  the  cot- 
ton wootl  (I'opulus  dcUvides')  in  Putunui  County  and  Mr.  F.  C. 
Sciionr  of  New  Augusta,  Iniliiuia,  has  sent  specimens  to  me. 

SCHIZONKURA  AnERlCANA  Rllef. 

Schizoveiira  Americana — 

Riley,  Bull.  U.  S.  Geol.  and  Ge<^.  Surv.,  p.  4,  1879. 
Packard,  5th  Kept.  U.  S.  Ent.  Com.,  1890,  p.  279. 

A  wrinliling  and  rolling  of  the  loaf  of  the  common  elm  (_Ulmu3 
AmeHcana).    Very  common  and  very  widely  distributed. 
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PHYI«I<OXERA  CARYAEVKNA  Pllcli. 

Phylloxera  caryaevenw — 

Fitch,  Kept.  Ent.  N.  Y.  3:  444  (Pemphigus),  1866. 

Osten-Sackon,  Stett.  Ent.  Zeit.  22 :  421,  1861. 

Thomas,  Eept.  Ent.  111.  8:  162,  1880. 

Oestlung,  Aph.  Minn.  18,  1887. 

Packard,  Forest  Ins.  322,  1890. 

Hunter,  The  Aphididse  of  N.  A.  Towa  Agricul.  Ex.  Station, 

p.  71,  1901. 
Pergande,  North  Amer.  Phylloxerinse,  1904,  p.  239. 

This  gall  is  a  folding  of  the  leaf  along  the  veins ;  the  elevation 
being  on  the  upper  surface  and  the  opening  below.  The  opening  is 
guarded  with  a  mass  of  hair-like  growth.  Common  on  the  hickor}' 
(Hicoria  alba.) 

PHYI^I^OXERA  CARYiE-GLOBVLI   Walsfa. 

Phylloxera  caryce-globidi — 

Walsh,  Proc.  Ent.  Soc.  Phil.  1 :  309,  1862. 
Walsh,  Proct.  Ent.  2:  120,  1867. 

Dactylocphcera  hemisph ei-ictim — 

Shimer,  Trans.  Am.  Ent.  8oo.  2 :  387,  1869. 

Phylloxera  caryw-glohuli — 

Kiley,  Kept.  Ins.  Mo.  7:  117,  1875. 

Thomas,  Eept.  Ins.  Til.  8:  164,  1880. 

Oestlund,  Aph.  Minn.  18,  1887. 

Packard,  Forest  Ins.  322,  1890. 

Hunter,  The  Aphidid??  of  N.  .'\.  Iowa  Agril.  Ex.  Station, 

1901. 
Pergande,  Iforth  Amer.  Phylloxerinse,  1904,  p.  222. 

A  hemispherical-shaped  gall  on  the  upper  surface  of  the  leaf, 
opening  on  the  under  surface  by  means  of  a  narrow  slit.  Fre- 
quently one^fourth  inch  in  diameter.  Common  on  hickory  (^Hico- 
ria  alba). 

PHYLLOXERA  CABYA-FALLAX  Uralsfa.    Flff.  44. 

Phylloxera  caryce-falla^c — 

Walsh,  Kept.  Ent.  111.  1 :  23,  1868. 
Thomas,  Kept.  Ent.  111.  8:  164,  1860. 
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Riley,  Kept,  Ins.  Mo.  6: 118,  1874. 

Oestlund,  Aph.  Minn.  18, 1887. 

Packard,  Forest  Insects,  323,  1890. 

Hunter,  The  Aphidie  of  N.  A.,  Towa  Agril.  Ex.  Station,  1901. 

Pei^ande,  North  Araer.  Phylloxerina?,  1904,  p.  214. 


Fig.  44. 

A  cone-shaped  gall  on  the  upper  surface  of  the  leaf.  Opening 
is  through  the  apex  of  a  much  shorter  cone  on  the  under  surface  of 
the  leaf.  Frequently  so  ahnndant  as  to  seriously  injure  the  foliage. 
Commfr  on  the  hickory  (Ilicoria  alha.} 


PHVLLOXERA  CARV^-CAVIjIS  Pllrk.    Flf.  46. 

Phylloxera  carya'-cavlis — 

Fitch,  Rojit.  Ins.  X.  Y.  1:  105-159  (I'emphifjus),  1855. 
Osten-Sacken,  Sfetf.  Ert.  Zeit.  22:  421,  1S«1. 
Riley,  Kept.  Ina.  Mo.  117,  7  :  1S75. 
Thomas,  Kept.  Ent.  III.  8:  160,  18S0. 
Oestlimd,  Aph.  Minn.  18,  1SS7. 
Packard,  Forest  Insects  322,  ISl'O. 
Hopkins,  Can.  Ent.  28:  2^:},  1807. 

ITiinter,  The  Aplii.li.liP  of  X.  A.,  Iowa  Ajrril.  Ex.  Stiition  70, 
1901. 


Dactylosphatra  sitbclliptlcvm — 

Shimer,  Trans.  Am.  Ent.  Riw.  2:  387,  IPfiil  (Riley). 

Dactt/lospha-ra  carywmagnum — 

Shimer,  Trans.  Am.  Ent.  Soc.  2:  :J!ll,  1S69  (Riloy). 
Pergande,  North  Anicr.  Phyllnxf Fins',  1004,  p.  244. 

A  hemispherical  gall,  variable  in  size,  on  stem,  petiole  or  ribs  of 
the  loaves.  A  small  o|icning  in  the  sinnmit.  Extremely  variable. 
I  have  sometimes  founil  these  galls  \ery  large,  completely  sut- 
ronnding  the  sleni  and  with  no  visible  opening,  but  completely 
filled  with  inspclM  n£  various  ages.  Common  on  the  hickory 
(Ilicoria  alba). 
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PHYLLOXBKA  CABYJE-DEPRESSA  Shinier. 

Daciylosphcera  conifermis — 

Shimer,  Trans.  Am.  Eiit.  Soc.  2 :  397,  1868. 

Phylloxera  caryce-depressa — 

Shimer,  Trans.  Am.  Ent.  S(X».  2 :  390  (Daciylosphcera) ,  1868. 

Eiley,  Kept.  Ins.  Mo.  7:  118,  1875. 

Lintner,  Kept.  Ins.  X.  Y.  6:  189,  1889. 

Oesthmd,  Aph.  Minn.,  18,  1887. 

Packard,  Forest  Ins.  323,  1890. 

Hunter,  The  Aphidida>  of  ^S!".  A.,  Iowa  Agril.  Ex.  Station, 

1901. 
Pergande,  North  Amor.  Phylloxerinsc,  1904,  p.  208. 

A  depressed  leaf  gall  similar  to  P.  caryce-glohuU,  but  much  more 
depressed.  The  gall  is  on  the  upper  surface  of  the  leaf  and  the 
opening  below.     The  opening  fringed  Avith  hair. 

PHYIiliOXERA  VASTRATAIX  PUnchou.    Flffs.  46,  47. 

Phylloxera  vastratrix — 

Planchon,  Comp.  Rend.  Acad.  Sci.,  Paris,  Sept.  14,  1868. 
Riley,  Eepf.  Ins.  Mo.  7 :  117, 1875. 
Osborn,  Cat.  Hem.  Ta.  130,  1892. 

Hunter,  The  Aphididfc  of  X.  A.,  Iowa  Agril.  Ex.  Station, 
1901. 

Phylloxera  vitifoliw — 

Fitch,  Eept.  Ins.  K  Y.  1:  158,  1855. 

Fitch,  Eept.  Ins.  K  Y.  3 :  117,  1856. 

Walsh,  Proc.  Ent  Soc.  Phil.  1:  305  (Bysocrypta),  1862. 

Shimer,  Proc.  Acad.  Xat.  Sci.  Phil.,  1867. 

Thomas,  Eept.  Ent.  111.  8:  158,  1880. 

Oestlund,  Aph.  Minn.  18,  1887. 

Eiley,  Eept.  Ent.  Mo.  7 :  117,  1875. 

A  small  rough  gall  on  either  upper  or  lower  surface  of  the  leaf, 
but  most  often  upon  the  upper.  Frequently  the  leaves  are  abso- 
lutely covered  with  this  gall  and  its  usefulness  to  the  plants  prac- 
tically destroyed.  Another  generation  of  this  insect  forms  galls 
upon  the  roots  and  it  is  in  this  stage  that  it  causes  considerable 
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Fig.  46. 

destruction  among  many  varieties.  Attacks  a  great  many  species 
and  varieties.  Commoo  on  many  of  our  wild  and  cultivated 
grapes.  The  writer  has  collected  it  on  Vitis  vulpina  and  V.  bi- 
coloT.  Widely  distributed  throiifrhrtiit  North  America  and  >Soiith- 
em  Europe. 


n,.v7 
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LEPIDOPTERA. 

GHLEOHIID^. 
GNOBIMOSCHBIIIA  GALLiESOLIOAGINlS  BUey.    Fir*  4d. 

Gelechia  gallcesolidaginis — 

Riley,  Mo.  Rep.  Nat.  Iii^t.  T,  1809,  p.  178. 

Riley,  Mo.  Rei)t.  Xat.  Tnst.  TI,  1870,  pp.  20,  132,  134. 

Smith's  List  Lep.  Eor.  Am.,  No.  5377,  1891. 

Chambers,  Can..Ent.,  VITT,  1876,  p.  19. 

Chambers,  Can.  Eiit.,  TX,  1877,  p.  14. 

Cinn.  Quart.  fToum.  S(»i.  TT,  1875,  p.  289. 


Bull.  U.  S.  Geol.  Surv.,  TIT,  1877,  ])p.  1,  28,  141. 
Bull.  IT.  S.  Geol.  Surv.  IV,  1878,  pp.  115,  143. 
Kellicott,  Can.  Ent.,  X,  1878,  p.  201. 
Dietz,  Smith's  List  Inst.  X.  Jersey,  1900,  p.  474. 

Gnorimoschema  gallcvsolidaginis — 

Busck,  Proc.  U.  S.  Xat.  Mus.  XX  ITT,  1900,  p.  227. 
Dyar's  List  Amer.  Lep.  X^o.  5620,  1903. 
Proc.  IT.  S.  Xat.  ]\rus.  XXXT,  p.  824. 

A  large  elongated  stem  gall  Avith  very  large  larval  chamber  con- 
taining a  single  lai^e  larva.  Very  common  on  golden-rods  {Sol- 
idago  canadensis). 


J 
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ARACHNIDA. 
ERIOPHYID^.     (PHTTOPTID-*:). 

AOARUS  SEROTINA:  Ben  I«  mil  Her.    PIk>  49. 

Acanis  serolince — 

BentenmiUler,  Cn*.  of  Giill  TiiswfR,  18fl2,  p.  27S. 
Beutenmiillcr,  Aitkt.  lliis.  Jmir.  Vul.  IV,  AV  4,  1904,  p.  ; 


Fig.  49. 

A  pouch-like  gall  about  two-fiftlia  inch  in  length,  connected 
witli  the  upper  side  of  the  leaf  hy  mejins  of  a  constricted  neck.  The 
opening  on  tlic  underside  of  the  leaf.  Common  on  the  wild  cherry 
(i'riiJiMs  SBTotina). 

AOARtiS  tBRIBN  Walata. 
Cccidomyia  sali-ris-semcn — 

Walsh,  Proc.  Ent.  Soc.  Phil.  Vol.  Ill,  pp.  543-644. 
Acarvs  sevien — 

Walsh,  Proc.  Enl.  S.k*.  Phil.  Vol.  TV,  pp.  QS.t-QSS. 

A  small  gall  with  roughened  surface  nsnally  occurring  on  the 
upper,  occasionaUy  on  llie  lover  surface  of  onr  common  willows. 
The  o])oiiing  on  the  op]iosite  surface  from  the  gall. 
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Cecidomyia  salicis  amigma— 

Walsh,  Proc.  Ent.  Soo.  riiil.  Ill,  pp.  543-644. 
Acarus  (enigma — 

Walsh,  Proo.  Ent.  Soo.  Phil.  TV,  pp.  223-288. 
A  large  leaf  gall  made  up  of  a  eoro  cwcred  ^i-itli  small  filament- 
ous stnichires  which  in  old  !rnl1s  arc  frctpieiitly  30  fine  as  to  he  al- 
most silky  in  appearanee.  In  some  cases  only  a  part  of  a  single 
leaf  will  be  affecled,  at  other  timos  the  entire  leaf  and  sometimes 
the  mass  of  leaves  from  a  single  loaf  bud  will  l>e  affected,  thus 
producing  a  large  gall  which  may  remain  on  the  tree  during  the 
entire  winter.    Common  on  the  mllows. 


CAUUS  Walak.    (Fig.  SO. 

A  reddish,  later  hro\viiish  s'.velling  covered  with  woolly  pnlior- 
found  on  the  pet'ole,  rihs  and  lai^  veins  of  the  leaves  of 


our  black  walnut  {Jnglans  mgra)  and  causing  a  bonding  of  the 
parts  affected.    Frefjuoiitly  so  ciimirion  as  to  he  injurious  to  yotmg 


■T  hBTa  bisD  aoftble  Uiicenrs  oti- factory  bibliography  of  Ihli  ■■■].  It  nemito  be  th« 
•sme  u  delcribtd  br  Wnlih  mid  rsferred  to  ia  Proc.  Ent.  Sac.  of  Pfail..  Vol.  III.  p.  127. 
Mils  L.  J  Mutin.  m  a  papsr  on  "BotAnUiil  Study  of  lbs  Mit«  Uill  on  tbe  Bluk  nalnul," 
ISSS.iaveadiiaauion  oftbs  inorpbolucy.     It  ia  rr«<ia<Dtly  rtforred  to  u  Erinaum  Anomi- 
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BBIOPHYES  <(VAORlPBS  Slilmer. 

Vasates  quadripes — 

Shimer,  Trans.  Anier.  Ent.  Soc,  May,  1869. 

Phytoptus  quadripes — 

Osbom,  Western  Strx»k  Jour,  and  Farmer,  Vol.  9,  p.  142, 

1879. 
Osbom,  Bull.  Iowa  Agric.  College,  No.  2,  pp.  54-61,  Aug., 

1884. 
Osbom,  Trans.  Iowa  State  Hort.  Soc.,  Vol.  18,  pp.  127-135. 
Garman,  12rh  Kep.  Ills.  State.  Ent,  1882. 
Lintner,  CuU.  nnd  Crnmtry  Gentl.,  Vol.  53,  p.  430, 18SS. 
Packard,  5th  Eept.  IT.  S.  Ent.  Cora.,  1890. 
Murtfelt,  Colman  Rural  World,  April  25,  1895,  p.  131. 
Felt,  Country  Gentl.,  June  1,  1S99,  p.  430. 
Felt,  C<»untry  Genii.,  June  22,  1899,  p.  486. 

Eriophyes  quadripes — 

Banks,  Proc.  Xat.  Mus.  Vol.  XXVIII,  p.  106. 

Small  galls,  varying  somewhat  in  size,  usually  discoidal  or 
spherical  on  the  upper  side  of  the  leaf  and  connected  with  it  by  a 
slightly  constricted  neck.  In  the  spring  and  summer  about  the 
same  color  as  the  leaf,  but  in  tlie  late  summer  or  fall  becoming 
purplish  and  finally  black  and  dry.  (Common  on  our  soft  maple 
( A  cer  saccharinum  ) . 

BBIOPHYES  AOBRIOOIiA  Garmao. 

Phytoptus  acericola — 

Garman,  12th  Rep.  Ills.  State.  Ent.,  1882. 
Packard,  5th  Kept.  IT.  S.  Ent.  Com.,  p.  424,  1890. 

A  small  spindle-shaped  gall  about  one-fifth  inch  in  length  at- 
tached to  the  upper  surface  of  the  leaf  by  one  end.  Same  color  as 
leaf,  sometimes  i*eddish  or  purplish.  Common  on  our  soft  and 
sugar  maple«  (Acer  saccharinum  and  A,  saccharum.) 

ERIOPHYES  ABNORIVIIS  Garman.    Fig.  51. 

Phytoptus  abnormis — 

Garman,  12th  Kept.  Ills.  State  Ent.,  1882. 

Phytoptus  abnormis — 

Packard,  5th  Bept.  IT.  S.  Ent.  Com.,  p.  480,  1890. 


/ 
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An  elongated  club-shaped  gall,  attached  to  the  upper,  occasion- 
ally lower,  surface  of  the  leaf  by  the  small  end.  The  walls  deeply 
infolded  and  notched  at  the  end.  Same  color  as  the  leaf.  Common 
on  the  linden  or  bass  wood  {Tilia  Americana). 

BRIOPHYBS  VLIHI  Garman. 

Phytoptus  ulmi — 

Garman,  12th  Kept.  Ills.  State  Entomol.,  1882. 

Phytoptus  ulmi — 

Packard,  5th  Kept.  IT.  S.  Ent  Com.,  p.  281,  1890. 

A  small  more  or  less  spherical  gall  with  slightly  constricted  neck 
occurring  very  abundantly  upon  the  upper  surface  of  our  elms 
(  JJlmus  A  mericana  ) . 

56 -Geology. 
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BR10PJHYB8  FRAXINI  GarmaD. 

Phytoptus  fraxini — 

Garman,  12tli  Kept.  State  Ent.  of  Ills.,  1882. 
Packard,  5th  Eept.  IT.  S.  Ent.  Com.,  p.  554,  1890. 

A  small  irregular  more  or  less  spherical  gall  occurring  on  the 
upper  surface  of  the  leaves  of  our  common  green  ash  {Fraxinus 
viridis),  A  similar  gall  also  occurs  on  the  green  ash  (F.  Ameri- 
cana). 

ERIOPIfYES  SALI€ICOl4A  Oarmaii. 

Phytoptus  salicicola — 

Garman,  12th  Rep.  Ills.  State.  Ent.,  1882. 

A  small,  rather  irregular  more  or  less  spherical  gall  occurring 
in  great  abundance  on  the  upper  surface  of  the  leaves  of  willow 
(Salix  sp.  — ). 

EBIOPHYES  sp. 

Phytoptus  sp. — 

Garman,  12th  Rep.  Ills.  Stata  Ent.,  1882. 

A  small,  more  or  less  irregular,  spherical  gall  whicli  very  fre- 
quently unites  with  its  neighbor  into  large  patches  on  the  upper  sur- 
face of  the  leaves  of  the  poison  ivy  (Rhus  toxicodendron). 

ERIOPHYES  sp. ,  and  8PHf  ROTHBCA  PHYTOPTOPHILA  Kell 

and  8w.    Fig.  52. 

Phytoptus  sp. ,  and  Sphcerotheca  phytoptophila — 

Kell  and  Sw.,  Kan.  Agri.  Ex.  SUition  Rept.,  1888,  pp.  302- 
315. 

Sphwrotheca  phytoptophila — 

Kell  and  Sw.,  Journal  of  ^Mycology  Vol.  IV  (1888),  pp.  93- 
94. 

An  Eriphyes  and  fungus  associated  and  forming  a  witch-broom 
gall  on  hackberry  (^Celtis  occidentalis).  These  galls  are  very  nu- 
merous on  the  branches  and  twigs  and  range  from  ^  to  1^2 
inches  in  diameter  and  each  gives  rise  to  a  large  number  of  smaller 
twigs.  They  injure  the  tree  by  causing  unsightly  disfigurations, 
loss  of  nourishment  in  forming  galls,  and  give  points  of  decay 
which  sometimes  extend  to  the  trunks  and  cause  the  death  of  the 
tree. 
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Acme  Brick  Works 129,  619 

Adams  County,  clays  of 418 

Adjims  Brick  Company 354 

AlfordsviUe,  clays  in  the  vicinity  of 267 

Alh.n  County,  clays  of 500 

Alluvial  clays    22 

analyses  of    170 

Aluminum  clays   16 

American  Cannel  Coal  Company .^ 336 

American  Sewer  Pipe  Company 190,  574 

Analyses  of  Carboniferous  shales,  table  of 503 

Coal  Measure  under-clays,  table  of 507 

Knobstone  shales,  table  of 511 

Anderson,  clays  in  vicinity  of 425 

Annapolis,  clays  in  vicinity  of 102 

Annapolis  pottery 601 

Architectural  terra  cotta,  manufacture  of 612 

AshlK)ro,  claj'S  in  vicinity  of 203 

Atclieson,   H.  R.,  pottery 601 

Attica,  clays  in  vicinity  of 170 

.Vyor-McCarel  Clay  Company 188,  578 

Bartholomew  County,  clays  of 402 

Bean  Blossom  Creek,  clay  deposits  along 361 

Bennett  Brick  Company 427 

Benton  County,  clays  of 443 

Bicknell,  clays  in  vicinity  of 255 

Bituminous  shales  63 

Blackford  County,  clays  of 420 

Bloomfield,  clays  in  vicinity  of 226,  234 

Bloomingdale,  clay  in  vicinity  of 100 

Blue  Lick,  Jackson  County,  clays  in  vicinity  of 366 

Boggs  Creek  Cut 271 

Boone  County,  clays  of 409 

Boonville,  clays  in  vicinity  of 318 

Branch  &  Son,  clays  on  land  of 355 

Braxton's  quarry,  section  of 394 

Brazil,  clays  in  vicinity  of 184 

map  of  vicinity  of 186 
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Brick,  dry  pressed,  factories  of  in  Indiana 607 

manufacture  of   , 606 

statistics  of 615 

fire,  factories  of  in  Indiana 589 

manufacture  of 588 

statistics  of 593 

ordinary  building,  manufacture  of 616 

statistics  of   622 

paving,  manufacture  of 518,  530 

cost  of 538 

factories  of  in  Indiana 5(52 

statistics  of 550 

testing  of 530 

use  of 5i4 

Briclc  pavements,  construction  of 539,  542 

specitications  for 541 

Bridgeton,  clays  in  vicinity  of 118 

Brook  Terra  Cotta  Tile  &  Brick  Company 449,  583 

Brown  County,  clays  of 358 

Buckskin  Mine,  clays  found  in  shaH  of 299 

Burns  &  Hancock,  clay?  on  land  of 134,  589 

Burns  City,  clays  in  vicinity  of 260 

Bushrod,  clays  in  vicinity  of 240 

Calumet  region   451 

Canuelton,  clays  in  vicinity  of 334 

CarlK)U,  days  in  vicinity  of 117,  179 

Carboniferous,  area  of  in  Indiana 52 

counties  of 70 

Carboniferous  shales,  analyses  of 82,  112,  130,  13G,  148,  1(»5,  2:i8 

277,  300,  303,  312,  327,  337,  503 

Carlisle,  clays  in  vicinity  of 251 

Carroll  County,  clays  of 412 

Cass  County,  clays  of 416 

Cataract,  clays  in  vicinity  of 214 

Cayuga,  clays  in  vicinity  of * 128 

Cayuga  Brick  &  Coal  Company 129,  618 

Center  Point,  clays  in  vicinity  of 199 

map  of 201 

Chemical  properties  of  clays 33 

alkalies 37 

compounds  of  iron 34 

copperas  36 

pyrites 35 

siderlte   36 

lime  and  magnesia 36 

organic  matter 38 

silica   .• 33 

titanic  acid 38 

water,  combined  39 


IXDEX    TO    CLAYS    AND    CLAY    INDUSTRIES.  871 

PAGE. 

Chesterton,  clays  in  vicinity  of 461 

Chicago  Hydraulic  Pressed  Brick  Company 400,  (509 

Chicago  Sewer  Pipe  Company 194,  575 

Cincinnati,  Greene  County,  clays  in  vicinity  of 227 

Citizens  BriclL  Company  of  Jonesboro 420 

Claris  County,  clays  of 399 

Clark,  Rose  &  Company  pottery 599 

Clark  Sewer  Pipe  Company 335,  575 

Classification  of  Indiana  clays 18,  24 

Clay  City  Brick  and  Clay  Company 207 

Clay  City,  clay  in  vicinity  of 204 

map  of 205 

Clay  County,  clays  of 175 

Clay,  composition  of IG 

definition  of 15 

origin  of  17 

physical  properties  of 24 

air  shrinkage   27 

color   32 

fire  shrinkage 27 

induration 30 

inf  usibUity 28 

insolubility   28 

plasticity    25 

slaking 24 

tensile  strength   28 

production  for  shipment   056 

varieties   of    18,     24 

Clay,  eirly  history  of 13 

Clays  of  Indiana,  geological  distribution  of 41 

Carboniferous   52 

Devonian   46 

Lower  Carboniferous   46 

Lower  Silurian  45 

Mlssissippian  46 

Ordovician 45 

Upper  Silurian    45 

Clays  of  Indiana  by  counties 69 

Adams  County 418,  622 

Allen  County   500,  623 

Bartholomew  County 402,  624 

Benton  County  443,  624 

Blackford  County  420,  625 

Boone  County   409,  625 

Brown  County    358 

Carroll  County 412,  625 

Cass  County 416,  625 

Clark  County  399,  625 

Clay  County  175,  626 
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(::ninton  County  410,  626 

Crawford  County    395,  397 

Daviess  County  258,  627 

Dearborn  County   441,  627 

Decatur  County 431,  627 

Dekalb  County  478,  628 

Delaware  County   426.  628 

Dubois  Counfy   278,  629 

Elkhart  County 471,  629 

Fayette  County  438,  629 

Floyd  County  373,  629 

Fountain  County   70,  630 

Franklin  County  440,  630 

Fulton  County  496,  630 

Gibson  County  297,  631 

Grant  County    419,  631 

Greene  County 224,  632 

Hamilton  County   423,  632 

Hancock  County   407,  633 

Harrison  County    395 

Hendricks  County :347,  633 

Henry  Coiinty 429,  633 

Howard  County  421,  634 

Huntington  County   417,  634 

Jackson  County 362,  635 

Jasper  County   492,  635 

Jay  County  419,  636 

Jefferson  County   433,  636 

Jennings  County  401,  637 

Johnson  County   405,  637 

Knox  County  252,  638 
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Lagrange  County   473,  639 

Lake  County  453,  639 

Laporte  County 462,  639 

Lawrence  County  385,  639 

Madison  County  424,  639 

Marion  County  408,  640 

Marshall  County  484,  641 

Martin  County 268,  641 

Miami  County   416,  641 

Monroe  Counly  380,  641 

Montgomery  County    341,  642 

Morgan  County  352,  643 

Newton  County 447,  643 

Noble  County  480,  643 

Ohio  County   441 

Orange  County  393 

Owen  County  211 
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Parke  County 96,  643 

Perry  County   331.  644 

Pike  County  290,  644 

Porter  County   451,  615 

Posey  County 305,  645 

Pulaski  County   495,  6-45 

Putnam  County  378,  646 

lUndolph  County    427,  646 

Ripley   County    432 

Rush  County    429,  646 

Scott  County    400,  647 

Slielby  County  404,  647 

Spencer  County  324,  617 

Starke  County   488 

St.  Joseph  County 465,  648 

Steuben  County   476,  648 

Sullivan   County    242,  649 
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Tippecanoe  County   413,  649 

Tipton  County  423,  649 

Union  County  440 

Vanderburgh  County  308,  650 

Vermillion  County  125,  651 

Vigo  County  150,  651 

Wabash  County   417,  652 
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Warrick   County    315,  653 

Washington  County  370,  653 

Wayne  County    435.  653 

Wells  County  418,  654 

White  County    415,  654 

Whitiey  County   498,  655 

Clay,  products  of  in  Indiana  517 

uses  of  39 

Clay  working  industries  of  Indiana 516 

classification  of   518 

Clinton,  clays  in  vicinity  of 146,  154 

Clinton  County,  clays  of 410 

Clinton  Paving  Brick  Company 147,  568 

Cloverdale,  clays  in  vicinity  of 380 

Coal  Bluff,  clays  in  vicinity  of 153,  182 

Coal  City,  clays  in  vicinity  of 223 

Coal  Creek  Coal  Company 156 

Coal  Creek  Valley,  Vigo  County 154 
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Coal  Measure  under-clays 20 

table  of  analyses  of 507 
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Coke  Oven  Hollow,  clays  in 1(12 

Columbia  Pottery  and  Alanufacturing  Conipauy (KM 

Columbus,  clays  in  vicinity  of 403 

Continental  Clay  and  Mining  Company VXi.  571) 

Covington,  clays  in  vicinity  of 85 

Coxvllle.  clays  in  vicinity  of 122 

Crawford  County,  clays  of *i*Xh  3117 

(?rown  l*otteries  Company   (Hrj 

Dana,  clays  in  vicinity  of '. 132 

Daviess  County,  clays  of 258 

Dearborn  County,  clays  of 441 

Decatur  County,  clays  of 431 

Dee,  Wm.  B.,  Clay  Manufacturing  Company 115,  573 

Definition  of  clay 15 

Dekalb  County,  clays  of 478 

Delaware  County,  clays  of 42<» 

Devonian  area,  clays  of  in  Indiana 4(}.  399 

Dover  Hill,  clays  in  vicinity  of 272 

Drain  tile,  manufacture  of <>1(» 

factories  of  in  Indiana 019 

statistics  of  G22 

Drift  clays   21 

Drift  covered  counties  of  Indiana 41,  44,'i 

Dubois  County,  clays  of 278 

Earl  Park,  clays  in  vicinity  of 444 

Earthenware    594 

Eckerty,  clays  in  vicinity  of ; 398 

Edwardsport,  clays  in  vicinity  of 253 

Elkhart,  clays  in  vicinity  of 471 

Elkhart  County,  clays  of 471 

Elnora,  clays  In  vicinity  of 200 

Elrod,  Dr.  M.  N.,  quoted 402.  420.  431,  43S 

Bpworth  mine  shaft,  section  of 323 

Evansville,  clays  in  vicinity  of 310 

Evansville  Pressed  Brick  Company 310,  .lOO 

Excelsior  Clay  Works ' 187.  579 

Factors  necessary  to  clay  Industry 09 

Farmers,  chays  in  vicinity  of 221 

Farnsworth,  clays  in  vicinity  of 240 

Fayette  County,  clays  of 438 

Ferdinand,  clays  in  vicinity  of 282 

Fire  brick,  factories  In  Indiana 589 

manufacture  of   588 

statistics  of  593 

Fire  kindlers,  manufacture  of 592 

Fissile  shales  63 

Flint  clays  of  Ohio  and  Kentucky 392 
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Floyd  County,  clays  of 373 

Folks,  John  H.,  pottery 600 

Fort  Branch,  clays  In  vicinity  of 304 

Fountain  County,  clays  of 70 

Franklin  County,  clays  of 440 

Freedom,  clays  in  vicinity  of 221 

Freetown,  clays  in  vicinity  of 365 

Fulton  County,  clays  of 496 

Galloway,  George,  clays  on  land  of 70 

Garden  City,  clays  in  vicinity  of 458 

Gibson  County,  clays  of 297 

Gibson,  L.  H..  quoted 546 

Glacial  invasions  of  Indiana 42 

map  of  boundaries  of  in  Indiana 43 

Glass  pots,  manufacture  of 590 

Goetz  Pressed  Brick  Company 375,  611 

Goodland,  clays  in  vicinity  of 450 

Goshen,  clays  in  vicinity  of 472 

Gosport,  clays  in  vicinity  of 213 

Grant  County,  clays  of 420 

Great  Western  Pottery  Company 604 

Greene  County,  clays  of 224 

Griffith,  Beryl,  potteiy (JOl 

Hadley,  Arthur,  farm,  shales  on 350 

Hamilton  County,  clays  of 423 

Hammond,  clays  in  vicinity  of 456 

Hancock  County,  clays  of 407 

Harris,  G.  W.,  estate,  clays  on 167 

Harrison  County,  clays  of 395 

Hebron,  clays  in  vicinity  of .' . . .  457 

Heitonville,  clays  in  vicinity  of 387 

Hendricks  County,  clays  of 347 

Henry  County,  clays  of 429 

HenryviUe,  clays  in  vicinity  of 400 

Hillsboro,  clays  in  vicinity  of 79 

Hillsdale,  clays  in  vicinity  of. 138 

Hillsdale   Firebrick   Company 141 

Hobart,  clays  in  vicinity  of 454 

Hollow  building  block 576 

factories  of  in  Indiana 578 

Hoosier  Brick  Company 374,  618 

Hoosier  Clay   Works 142,  656 

Hoosierville,  clays  in  vicinity  of 196 

Howard  County,   clays  of 421 

Huntingbnrg,  clays  in  vicinity  of 284 

Huntingburg  Dry  Pressed  Brick  Company 285,  590,  610 

Huntington  County,  clays  of 417 

Huron,  clays  in  vicinity  of 389 
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Indiana  Brick  Company  of  Anderson 425 

Indiana  clays,  geological  distribution  of 41 

Indianaile    54 

analysis  of    55 

origin  of  55 

Indiana,  paving  brick  factories  in 562 

Indiana  Paving  Brick  and  Block  Company 1!>2,  56(> 

Indianapolis,  clays  in  vicinity  of 409 

Indianapolis  Terra  Cotta  Company 012 

Indian  Springs,  kaolin  near 272 

Introduction    13 

Jackson  County,  clays  of 51,  3G2 

Jackson  Hill  mine,  clays  of 245 

Jasper,  clays  in  vicinity  of 281 

Jasper  County,   clays  of 492 

Jay  County,  clays  of 419 

JeflPerson  County,  clays  of 433 

Jennings  County,  clays  of , 401 

Jessup  clay,  near  Richmond,  analyses  of 437 

Johnson  County,  clays  of 405 

Kankakee  basin   452 

Kaolin  in   Indiana 54 

analyses  of ' 55,  390,  397 

distribution   of    220,  2;n,  272,  273,  395,  39(5 

of  Laurence  County 388 

origin   of    55 

properties   391 

Kingman,  clays  in  vicinity  of 87 

Knobstone  group,  tj'pe  section  of 50 

Knobstone  shales  of  Lawrence  County 387 

Knobstone  shales,  table  of  analyses  of 511 

Knobstone  shale,   area 341 

analyses    72,  350,  355,  36(3,  367,  368,  376,  382,  3a3,  387,  511 

Clark  County    399 

Johnson  County   406 

near  Attica  72 

uUlity  of   51,  52 

Knox  County,  clays  of 252 

Koleen,  clays  in  vicinity  of 230 

Kosciusko  County,  clays  of 482 

Kulage  Brick  Works 455,  607 

Lafayette,  clays  in  vicinity  of 413 

Lagrange  County,  clays  of 473 

Lake  County,  clays  of 451,  453 

Lanyon,    D.    N 139,  656 

Laporte  County,  clays  of 462 

Lawrence  County,  clays  of • ; 385 

Knobstone  shales  of 387 
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Lee,  M.  J.,  Drain  Tile  Company 412 

Lewis,  Vigo  County,  days  In  vicinity  of 174,  243 

Limpus,  W.  F.,  day  on  land  of 440 

Lincoln  City,  clays  in  vicinity  of 326 

Linton,  days  in  vicinity  of 237 

Loess  clays 23,  66 

analyses  of 302 

Lowell,  clays  in  vicinity  of 453 

Loogootee,  clays  In  vicinity  of * 275 

Lower  Carboniferous  area  of  Indiana 46 

clays  of  341 

Lower  Silurian  area  of  Indiana 45,  435 

Lynnville,  clays  in  vicinity  of. 317 

Lyons,  clays  In  vicinity  of 240 

Madison  County,  days  of 424 

Mansfield  sandstone  54 

Marlon  County,  days  of 406 

Marlon  Brick  Company 104,  117,  420,  616 

Marly  clays   22 

analyses  of 455,  459,  462,  464,  479,  497,  518 

Marshall  County,  clays  of 484 

Martin  County,  clays  of 268 

Martinsville,  clays  in  vicinity  of 354 

Maxinkuckee  Lake 485 

Martz,  Clay  County,  clays  in  vicinity  of 208 

McLary's  shale,  Monroe  County 382 

McRoy  Clay  Works 190,  580 

Mecca,  clays  la  vicinity  of 110 

Mecca  Coal  &  Mining  Company,  section  on  land  of 110 

Medora,  clays  in  vicinity  of 368 

Memphis,  clays  in  vicinity  of 400 

Merrlman,  AbrlUa,  days  on  land  of 357 

Minmi  County,  days  of 416 

Michigan  City,  clays  in  vicinity  of 463 

Mtddlebury,  clays  in  vldnity  of 209 

Millstone  grit 54 

Mississippian  or  Lower  Carboniferous  clays 46 

Mock,  J.  D.,  Brick  Company 427 

Monroe  County,  days  of .* 380 

Mooresville,  days  in  vicinity  of 356 

Montezuma,  clays  in  vldnity  of 104 

Montezuma,  West,  clays  in  vicinity  of 134 

Montgomery,  days  in  vldnity  of 263 

Montgomery  County,  clays  of 52,  341 

Morgan  County,  clays  of 52,  352 

Morocco,  clays  in  vicinity  of 448 

Mt.  Ayr,  clays  in  vldnity  of 449 

Mt.  Vernon,  clays  in  vicinity  of 307 

Muncie,  clays  in  vicinity  of 427 

57— Geology. 
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NaUonal  Drain  TUe  Company 106,  143,  161,  424,  619 

National  Fire  Proofing  Company 454,  584 

National  Pottery  Company 604 

New  Albany,  clays  in  vicinity  of 374 

Newburgh,  clays  in  vicinity  of 321 

New  Harmony,  clays  in  vicinity  of 306 

Newport  Brick  &  Clay  Company 132,  619 

Newport,  clays  in  vicinity  of 131 

New  Providence  shales v 49,  374 

Newton  County,  clays  of 447 

Noble  County,  clays  of 480 

Nomenclature  of  Coal  Measure  rocks  of  Indiana 58 

Oakland  City,  clays  in  vicinity  of 299 

Ohio  County,  clays  of 441 

Orange  County,  days  of 393 

Ordoviclan  clays,  area  of  in  Indiana 45,  435 

Owcnsboro,  clays  in  vicinity  of 229 

Owen  County,  clays  of 211 

Paint  Mine.  Vigo  County 173 

Parke  County,  clays  of 96 

Parsons,  D.  C,  clay  on  land  of 439 

Patricksburg,  clay  in  vicinity  of 218 

Pavement,  the  perfect 546 

Paving  brick  factories  of  Indiana 562 

statistics  of  570 

Paving  brick  plant,  location  of 521 

cost  of 532 

Paving  brick,  burning  of 529 

cost  of 533 

drying  of   527 

making  of   525 

preparation  of  clay  for 523 

testing  of   "533 

Paving  material,  manufacture  of 518 

Perry  County,  clays  of 331 

Peru  Electrical  Manuracturing  Company 603 

Petersburg,  days  in  vicinity  of 292,  294 

Physical  properties  of  days 24 

air  shrinkage 27 

color    32 

lire  shrinkage  27 

induration  30 

infuslbility    28 

insolubility    28 

plasticity    25 

slaking  24 

tensile  strength   28 
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Pike  County,  clays  of 290 

Plainville,  clays  In  vicinity  of 262 

Pleasantyille,  SuUlyan  County,  clays  In  ylcinlty  of 260 

Porter,  clays  In  vicinity  of 460 

Porter  County,  days  of 451,  457 

Portland  Hollow  Brick  Works 419 

Posey  County,  clays  of 305 

Poston  Paving  Brick  Company 348,  562 

Potters'   clay    78,  100,  108*  210,  227,  229,  277.  286,  336,  338 

Pottery,  manufacture  of 594 

statistics  of  in  Indiana 605 

Princeton,  clays  In  vicinity  of 301 

Pulaski  County,  clays  of 495 

Putnam  County,  clays  of 378 

Pyrah  Coal  &  Clay  Company 197 

Randolph  County,  clays  of 427 

Rank  of  Indiana  in  clay  products 516 

Rattler  test  for  paving  brick 534 

Refractory  clay  industries  of  Indiana 593 
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Wirt,  Jefferson  County,  clays  in  vicinity  of 434 
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